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CHAPTER 1 ;N.\,;

CANNON WEAPON SYSITtEMS OF THE FIELL ARTILLERY A_§

Section |. GENCRAL L ;:

'  ~. \.\;

1-1. Referonces compare & Koman catapuit with a moders, oriillery ) §
™ 9-1015-203-12, TM 9-1016-234-12, TM 9- canrion seems sisurd. Yei, the only ;}iffg;cx:cc_ia ““*?‘fx
1025-200-12, ™™ $-1025-211-10, TM 9-2300- the kind of energy inai sends thie projeciile on its 5;_,‘ %
216-10, TM 9-6920-361-13, and TM 9-6920-357- way. R -N
10-2. b. Every artillery otticer shioniu be familiay with R Q’{
1-2. Introduction the characteristics and Ssnctioning of windem §
) . . artillery wespone; and as @ nisticr of mntersat, he T §
6. In order to acquaint ourselves with the also should have knowledge > ‘ho histoiion) a3
historical development of modern artillery we development of these wesuons. A

must take a step back in the pages of history. 1o o

Section li. EXPLANATION

1-3. Period: ?B.C.—A.D. 1100 ' v

a. In the dawn of history, war engines were
periorming the function of artiliery (which may be
loosely defined as a means of hurling missiles too
heavy to be thrown by hand), and it was from the
use of these crude weapons that the basic
principles of artillery originated. The Scriptures
record the use of ingerious machines—probably
predecessors of the catapult and ballista, getting
power from twisted ropes made of hair, hide, or
%igew——on the walls of Jerusalem eight centuries

b. Theballista (fig 1-1) had horizontal armslikc
& bow and was used to reduce fortifications. The
arms were et in rope; a cord, fastened to the arms
like a bowstring, fired arrows, darts, and stones.
Like a modern field gun, the ballista shot low and
directly towet.rd the enemy.

c. The catapult (fig 1-2) was the howitzer or
mertar of ite day. It could throw 2 100-pound stone

‘.
Y

Figure 1-1. Ballista. !

)

630 yards in a high arc to otrike the enemy behind
his wall or to batter down his defenses.

1-4. Period: A.D. 1100-—-A.D. 19862
a. A ninth century Latin manuscript found in

Iﬂ,} Europe contains a formula for gunpowder.

NG

i
|
'

<. However, the first show of firearms in western

*Supersedes HB-1 WCXXWS, Dec 81.

Europe is credited to the Mcors :.. Saragossa in
A.D. 1118. The earliest known cannon was a cast
iron weapon (fig 1-3) shaped like a jug—large
rcund body, narrow neck, and flared mouth. The
projectile was an iron dart. The shaft of the dart
wag wrapped in leather to fit tightly into the neck
of the piece, Range was about 700 yards and



Figure 1-2. Cutapull.

Figure 1-3. Pot de fer.

accuracy was doubtful. Due to its peculiar shape,
this cannon was called the pot de fer (iron jug).

b. For approximately 300 years cannons
remained small crude tubes which tossed 1- or
2-pound lead or iron balls. By the middle of the
15th century cannons had developed into
enonmnous bombards (fig 1-4) with calibers up to 25
inches. One of these tremendous weapons was the
Mons Meg of Edinburgh Castle, which threw a
19%4~inch iron ball 1,400 yards or a stone ball twice
as far. The formidable bombards of the Turks are
another example of the 15th century cannon. Some
of these weapons were of cast bronze, weighed 19
tons, and could fire 600-pound stones at therate of
seven shots a day. The technique of employing
these weapons was to emplace them about 120
yards from the wall or fortress to be battered down.
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Figure 1. Bombard

Tuis nlaced the crow well within cange of exper,
bornen wn there was usually a mansie woaden
shiie? ovralgoed aver e gen to proiect the
persunnc while wiisy eeded the weapon, This
sulcid could tion e vl g Ceing.

2

e, Duzang the perisl 10hL ~1808, tiemendous
advaies wei D meds ~ Mot bronze and cust
This e saw . development
and stenduardizancs of malibers, the uso of wheels
and mtawes fur mwotnlity (fix 1-5), and the Svst
arsanis o usd a rifled vore with elongated
projeciiles > increased accuracy and vange. This

alan anu-tha. vl afthamiant hnmboawlo b -k
Ml DLV, wal Liti: U uial JGINv COINRoGras wiiics:?

hud del>ated and eliminated the huge stone castles
ana foriressce which had dominated that period of
history.

d. In 1855, England’s Lord Armstrong designed
a rifled, breech-loading cannon (fiz 1-6) which
meant the beginning of the end tor the old, cast
iron, round-shot, muzzle-loading cannon. This
particular design was the first to use a cast tube
with exterior hoops shrunk on over the tube to
reinforce the metal, thus permitting longer ranges
from lighter weapons, During the period of our
own Civil War, Capit. T.J. Rodman, Army

Figure 1-5. Mobile artillery piece circa 1650,
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Figure 1-6. Mobile ariillery piece circa 1565,

N KTV TS X

Oxdnance, perfected a method of casting bayrels

which was the greatest “breakthrough” for

rmuzzle-loading actillery in over 700 years.
Basically, his method was to pour molten cast iron
sround a water-cooled core. The inner walls of the
bore solidified first and were compressed by the
contraction of the outer metal, which cooled down
more slowly. This resulted in & tube which had
much greater strength to resist explosion of the
charge. It was also during the Civil War that a
newly designed rifle (Parrott’s gun) startled the
world with its range and accuracy. Howsver, the
heyday of the cast iron weapon was shortlived.
' A With the developmem of the steel industiry,
w? perfection of breech and recoil mechanisms

T B EVGTE SE G Y
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Muzzle velocity

Mazxirrum range

Type breechblock

Type firing mechanism

Type recoil mechanism

Maximum recvil

Recoi]l gas pressure at 70°

Minimum elevation

Maximum elevation

Type traverse

Maximum right traverse

Maximuin left traverse

Tvpe equilibrators

Tire pressure

Woeight in firing position

Weight traveling

Maximum rate of fire

‘ Sustained rate of fire

i Prime mover

&> Technical manual

™.V ‘Tube life (equivalent full charge)
M2A1
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becamne possible. This allowed the use of smokeleos
powder and high explosives and marked the end of
the black powder muzzle-loader. Alinost as
important as these develcpments was the
invention of more efficient sighting and laying
mechanisms. In essence, artillery had assumed
the modern form. The next changes vvere the
results of startling developments in motor
transport, signal communication, chemical
warfare, tanks, aviation, mass production, and
finally, missiles.

Figure 1-7. 105-mm howitzer M101A].

1-5. Charactaristica of Modam Cannon Wasnon Sustoms
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Today, the artilleryman has available to him the latest types of cannon weapon systeins. The following
are weapons common to the United States armed forces and our allies.

N a. 105-mm Howitzer M101A1. The following data pertain to the 105-mm howitzer M101A1 (fig 1~7):

472 meters per second

11,000 meters

Horizontal sliding wedge

Continuous pull, M13
Hydrcpneumatic

39 to 42 inches (44 inches is allowable)
1,100 pounds per squsre inch

-89 mils

1,166 mils

Fintle

409 mils

400 mils

Open spring (puller)

40 pounds per square inch

4,980 pounds

4,980 pounds

10 rounds per minute for the first 3 minutes
3 rounds per minute thereafter

2-ton, 6x6 truck, or helicopter

TM 9-1015-203-12

5,000 rounds
7,600 rounds
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Figure 1-8. 105-mm light howitzer M102 in traveling position.
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[ Fgure 1-9.  105-mm light howitzer MI02 in firiag position. ‘
Oy 1
s b. 105-mm Howitzer M102. The following data pertain to the 105-mm howitzer M102 (figs 1-8 and 1-9): ]
p Muzzle velocity 494 meters per second .
;{i Maximum range 11,500 meters
C Type breechblock Vertical sliding wedge
A Type firing mechanism Spring-actuated inertia percuscion
L Type recoil mechanism Hydropneumatic .
. Minimum recoil 30 inches

F Maximum r2coil 50 inches
o Recoil gas pressure at 70° - 1,150 pounds per square inch
e Minimum elevation -89 mils )
g Maximum elevation 1,333 mils ;
L Ty pe traverse Ball socket }
{::;- Maximum right traverse 6,400 mils i
g Maximum left traverse 6,490 mils
- Type equilibrators Spring
r Tire pressure 40 pounds per square inch on super highways )
o 20 pounds per square inch on unimproved roads .
Weight in firing position 3,171 pounds 3
Lt Weight traveling 3,338 pounds k
2 Maximum rate of fire 10 rounds per minute for the first 3 minutes ;
[ ] Sustzained rate of fire 3 rounds per minute thereafter ]
E’-’ Prime mover Helicopter, parachute, or 5/4-ton truck an |
N Technical manual TM 9-1015-234-12 SRR
e, Tube life (equivalent fuli charge 5,000 rounds, but see table 6 of TM 9-1000-202-10 A
n : . for special inspection criteria ]
> 14 ]

.
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Figure 1-10. 155-mm howitzer M114A1/A2,

¢. 155-mm Howitzer M114Al. The following data pertain to the 155-mim howitzer M1141 (fig

1-10):

Muzzle velocity
Maximum range
Type brzechblock
Type firing mechanism
Type recoil mechanism -
Maxinium recoil at maximum elevation
Maximum recoil at minimum elevation
Recoil gas pressure at 70°
Minimum elevation
Maximum elevation
Type traverse
Maximum right traverse
Maximum left traverse
Type equilibrators
Tire pressure
Weight in firing position
Weight traveling
Maximum rate of fire
Sustained rate of fire
Prime mover
Technical manual
Tube life (equivalent full charge)
M1
M1A1l
MiA2

M Wi S YT Wl AT TV

564 meters per second

14,600 meters

Stepped thread, interrupted screw
Percussion, M1

Hydropneumatic

41 inches

60 inches

1,650 pounds per square inch

0 mils

1,156 mils

Pintle

448 mils

418 mils

Open spring (lifter

50 pounds per square inch

12,700 pounds

12,700 pounds

4 rounds per minute for the first 3 minutes
1 round per minute thereafter
5-ton, 6x6 iruck, or heavy-lift helicopter
T™ 9-1025-200-12

2,000 rounds
7,500 rounds

15
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Figure 1-11.  156-mm howitzer M109A2/ A3, SP.

e | d. 155-mm Howitzer, M105A42/ A3, SP. The following data pertain to the 155-mm howitzer M109A2/A3,
SP (fig 1~11):
Muzzle velocity 701 meters per second
Maximum ranges 14,600 meters (charge 7)
18,100 meters (charge 8)
a Tvpe breechblock Thread, interrupted screw o
: Type of firing mechaniem Continuous pull, M35 Bl
o Type of recoil mechanism Hydropneumatic
L Minimum recoil 24 inches
o Maximum recoil 36 inches
. Recoil gas pressure a{ 70° 700 pounds per square inch
T Minimum elevation -53 mils
' Riaximum elevation 1,333 mils -
Type traverse Base ring and race
Maximum right traverse 6,400 mils 5
Maximum left traverse 6,400 mils 1
Type equilibrator Hydropneumatic -3
Tire pressure Track vehicle 1
.- Weight in firing position 53,940 pounds for M10SA1
by | Weight in traveling position 55,000 pounds for the M109A2/A3 4
. Maximum rate of fire 4 rounds per minute for 3 minutes 1
Sustained rate of fire Charge 1-7 1 round per minute
Charge 8 1 round per minute for 60 minutes, then 1
round per 3 minutes thereafter
Prime mover Self-propelled
) Technical manual TM 9-2350-217-10N (A1/A3) TM 9-2550-303-10 (A2) b
'J Tube life (equivalent full charge) M185 tube, 5,000 rounds 9
EFC values Charge 8 =1.00 4
Charge 7 =0.75 1
Charge 1-6 = 0.25 ;
R
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Figure 1-12. 155-mm howitzer M198.

e. 1558-mm Howitzer M198, Towed. The following data perta... to 155-mm howitzer M198, towed (fig

1-12):

Muzzle velocity
Maximum ranges

Type of breechblock

Type of firing mechanism
Type of recoil mechanism
Minimum recoil
Maximum recoil
Minimum elevation
Maximum elevation

Type traverse

Maximum right traverse
Maximum left traverse
Type ecuilibrator

Tire pressure

Weight in firing p ‘sition
Weight in traveling position
Maximum rate of fire
Sustained rate of fire

Prime mover

Technical manual

Tube life (equivalent full charge)
. EFC values

826 meters per second
24,000 meters NONRAP
30,000 meters with RAP
Threaded, interrupted screw
Continuous pull, M35
Kydropneumatic

50 inches +2

70 inches +2

-75 mils

1,275 miils

400 mils or 6,400 with speed shift

400 mils

Pneumatic lifter

45 pounds ner square inch

15,800 pounds

15,800 pounds

4 rounds per minute for 3 minutes

2 rounds per minute for 30 minutes/1 round per
minute thereafter

5-ton truck

M199 tube, 1,750 rounds

M203 Charge 8s = 1.00
M119A1 Charge8 =0.33
M4 Charge 7 =0.10

Charge 6-3= 0.05
M3 Charge 5-3= 0.05

Note. Do not fire below Charge 3.

1-7
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Figurc I-13. 8-inch howitzer M110A2, SP.

f. 8-inch Howitzer M110A2, SP. The following data pertain to &inch howitzer M110A2, SP

(fig 1-13):

Muzzle velocity

Maximum range

Type of breechblock

Type of firing mechanism

Type of recoil mechanism

Miniraum recoil

Maximum recoil

Recoil gas pressure at 70°

Minimum elevation

Maximum eleveation

Type traverse

Maximum right traverse

Maximum left traverse

Type equilibrator

Tire pressure

Muzzle break weight

Weight in firing position

Weight in traveling position

Maximum rate of fire

Sustained rate of fire

Prime mover

Technicai manual

Tube life (equivalent full charge)
EFC values

747 meters per second
Non-RAP 22,900 meters; RAP 30,000
Stepped threaded, interrupted screw
Continuous pull, M35
Hydropneumatic
25 inches
70 inches
2,130 pounds per square inch
35 mils
1,156 mils
Base ring and race
533 mils
533 mils
Pneumatic lifter
Track vehicle
550 pounds
62,500 pounds
62,500 pounds
1.5 rounds per minute for 3 minutes
1 round every 2 minutes thereafter
Seif-propelled
T™ 9-2300-216-10
M201 tube, 7,500 rounds
Charge 9 =1.00
Charge 7-8 = 0.70
Charge 1-6 = 0.25
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Figure 1-14. Laser, Gunnery Trainer M55. “_j
&. Laser, Gunnery Trainer M55. The following data pertain to the ADFT. This device can be used with ik
the M101A1-M102-M109A2-M198 Howitzers. At present there is no mount for the M110A2 Howitzer (fig e
i-14): - .
Power Kequirements:
AN Input voltage 24 +5 vdc
f.ﬁ Input current (nominal) 1.3 amperes
Input current (maxim:...n) 3 amperes
Operating Characteristics:
Modes of operation Continuous and fiash
Power output 0.5 to 2.0 milliwatts (nominal)
Beam diameter Approximately %-inch (16 millimeters) at 200 feet
. (61 meters)
Flash duration 1G0 +25 milliseconds
Repetition rate Retriggerablie 200 milliseconds after release of
trigger
N Temperature:;
Operating 0° F (-18° C) to +100° F (+56° C)
Nonoperating (storage) -65° F (-54° C) to +155° F (+77)
Altitude:
Operating Sea level to 10,000 feet (3,048 meters)
Nonoperating {transporting) Sea level to 50,000 feet (15,24) meters)
14
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h. 14.5 Field Artillery Trainer. The following data pertain to the trainer (fig 1-15):

Barrel

Breech

Firing mechanism

Elevating limits

Loading limits

Traverse

Mils per turn of handwheel
Elevating
Traversing

Ammunition (fixed round 14.5-mm cartridge)
M181—Charge 1 (1306A.565)
M182—Charge 1 (1305A366)
M183-—Chearge 1 (13056A3867)
Muzzle velocity (all cartridges)

Maximum range .

Sectior I,

1-8. Review

a. This chapter has covered briefly 2,500 years
of history on the development of artillery from the
early days of the Roman Empiie to the preaent
time. During theee past centuries both the gun and
the gunner have passed through a series of phases.
The early gunner was first considered a
practitioner of the art of witchcraft, in league with
the devil. Then artillery became an art. Today,
artillery is a2 military profession embracing all the
tceu(ihnical and scientific developments of modern

ture.

Rifled portion 13%-inches long, uniform right
hand twist, one turn in 8.5 calibers

Belt action with safety

Trigger located at left rear of breech

Minus 52 mils and plus 1,617 mils

Minus 52 mils and plus 1,070 mils

6,400 mils

52 mils
66 mils

3-second delay fuze
6-second delay fuze
Point detonating fuze
100 meters per second
730 meters

SUMMARY

b. The artillery weapon has progressed from the
early, crude implements used to hurl rocks, etc., to
the highly mobile, accurate, and long-range
cannons utilizing chemical, high explosive, and
nuclear projectilee 1nd warheads. Development of
weapons, ammunition, tactics, and techniques are
not attributable to any one race or nationality. A
detailed study of the history of artillery will show
that China, some Arabic nations, Turkey, Sweden,
Russia, Scotland, England, France, Germany,
Belgium, Spain, and the United States, as well as
many other nations, have all contributed their
part in developing artillery through the centuries.

1-10
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CHAPTER 2
FUNDAMENTALS OF CANNON WEAPON SYSTEMS

Section |.

2-1. References
TM 9-3305-1, chaptersa 1 through 6, 8, and 9.
2-2. Introduction

The mission of the field artillery is to destroy,
neutralize, or suppress the enemy Ly cannon,
rocket and missile fires and to integrate all
supporting fires into combined arms operation.
This miesion requres that the weapons be in
position ard ready to fire at the appointed time. To
fulfill this requirement, the field artillery weapons
must have certain characteristics, three of which
are considered basic. These three basic
characteristics are mobility, stability, and
flexibility.

a. Mobility. Mobility is the ability to move over
terrain at relatively high speeds. Mobility is
achieved in two ways—by the use of pneumatic
tires on towed weapons to reduce road shock at
high speeds and by the use of highly mobile,
full_tracked, s0lf vehicles on which the
weapons are mounted. In addition, all current field
artillery weapons are air transportable.

b. Stability. Stability is the ability of an
emplaced weapon to remain in place and
withetand the shock of fising. Stability is achieved
in the medium towed weapon of today by ues of
three points of suspension—two trails and a firing

anlf_swmanallad
PAVCLIGU

Section |l.

2- . Clasgificetion of Carriages

A wespon is class..i2d by the carriage as either
self-propelled or towed. The carriage supports the
weapon in the firing and traveling positions.

a. Self-propelled carriage. A self-propelled
carriae’, is one that contains its own means of
propulsion. Current models of self-propelied
weapons are air transportable.

*Supersedes HB-2 WCXXWS, Dec 81.

GENERAL

jack float. The towed 106-mm howitzer M102, a
lightweight weapon with alow silhouette, employs
a firing platform, which must be staked to the
ground to attain stability. Most of the stability of
self-propelled weapons is obtained by the weight
of the weapon, the weight of the carriage, and the
design of the track and suspension system;
however, the self-prepelled weapons are equipped
also with some type of recoil spades to improve
stability. In addition, a lockout featurein the track
suspension system of the self-propelled 8-inch
howitzer further enhances the stability cf this
heavy weapon.

c. Flexibility. Flexibility is the ability of a
weapon to deliv-r fire over a wide front and at all
angles of elevation without time-consuming
shifts. Flexibiiity is achieved by maximum
on-carriage elevation and traverse. Flexibility of
towed weapons is achieved through the use of
rear-mounted trunnions, split trails, and pintle
traverse or a pivot and socket ond a firing
platfonn; flexibility of self~-propelled weapons is
achieved through the use of ring and race traverse
and rear-mounted trunnion.

Note. Some of the characteristice and
capabilities of field artillery weapons are given in
appendix A.

ARTILLERY CARRIAGES, GENERAL

b. Towed carriages. A towed artillery weapon is
one that must be moved by so.me external source of
power, such &s a truck or a tractor. A lunette on the
end of the trail(s) and a coupling on the rear of the
prime mover provide a rapid and secure means of
coupling the carriage to the prime mover. Because
of their relatively light weight, towed weapons are
transportable by both rotary-wing and
fixed-wing aircraft.
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2-4, Componants of the Carriage

Thecarriage consists of some combination of the
following major components (figs 2-1 through
2-15): bottom carriage, equalizer, top carriage,
cradle, sleigh, equilibrator, elevating mechanism,
traversing mechanism, axle, trails, and wheels.
Some towed artillery weapens are equipped with
shiclds to protect the crew from enemy small-arms
fire. On some self-propelled weapons, a similar
protection is provided by an enclosed turret.

a. Bottom carriage. The bottom, or lower,
carriage (figs 2-1 and 2-2) is that part of the
weapon that supports the top carriage. Portions of
the mechanism for rotating the top carriage in
traverse are attached to the bottom carriage. The
pintle--a vertical pin about which the top carriage
rotates—secures the top carriage to the bottom
carriage. The trail end jor ends) may be attached to
the bottom carriages, and, on some weapons, a
firing jack or spade (fig 2-3) may also be attached.
The bottom carriage may be fixed to the ax’e, or it
may replace the axle and carry the wheels. The
consiraction of the towed howitzer M102 differs
considerably from that of earlier models in that it
has no bottom carriage. When the weaponisin the
firing position, the entire weapon and carriagerest
on a platform and pivot in traverse about a pivot
and socket joint located in the center of the firing
platform (fig 2-4).

st

D A
.~ . .

woo® M YTTR T W T A TT
DR A A

AXLE

FIRING JACK
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Figure 2-3. Firing jack.

b. Axle. The axle is that part of the carriage that
supports the weight of the weapon. Spindles on the
ends of the axle provide a means for mounting the
wheels. The eize and shape of the bottom carriage
may eliminate the need for a standard axle, in
which case, spindles for mounting the wheels are
moeunted on either side of the carriage (fig 2-3).

¢. Equalizer. Certain towed weapons are
equipped with an equalizer (fig 2-5), a mechanical
device that permits the four points of contact with
the ground {the two wheels and two trail ends) to be
in different planes. The equalizer compensates for
irregularity of the terrain so that the weight of the
weapon and the shock of firing are transmitted to
the ground through all four points. The most
common type of equalizer is a horizontal support
secured to the axle by a honzontal pivot pin. The
support, located behind the axle, can rotate
through a small vertical angle about the

horizontal pivot pin that secures thesupporttothe “e

midpoint of the axle. The trails are attached to the
ends of the support. The horizontal pivot pin and
the two trail spades provide the three-point
suspension for stability of the weapon in firing. A
pin (called a pintle) passes vertically through the
center of the support and provides a pivot point
about which the top carriage traverses. When the
weapon is placed in the traveling position, the axle
and support are locked together. Equalizers are
generally used with light artillery carriages.

d. Firing jack. The firing jack supports the
forward weight of the carriage during firing: the
firing jack and the two trail spades provide
three-point suspension. A firing jack is used with
the towed medium artillery carriage.
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ALL WHEELS SHOULD BE ON THE THE TOP OF THE SPADE MOLD BOARD SHOULD
;;’?:::: AND THE LOCKOUT SYSTEM BE NO HIGHER THAN THE WHEEL HUBS AND NO Lm' 0
8¢ ENGAGED LOWER THAN THE BOTTOM OF THE ROAD WHEELS T

Figure 2-2. Self-propelled bottom carriage.
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LEVELER

D
FIRING STAKE

€. Trails. The split trails on the 105~mm and
155-mm towed carriages serve two principal
purposes—they transmit most of the shock of
firing through the trail spades to the ground, and
they provide a means for coupling the weapon to
its prime mover. Brackets mounted on the trails
are attached to the bottom (or lower) carriage and
are divided into two sections. For firing, they are
spread to form an angle of approximately 800 mils,
or 45°. The lightweight 105-mm howitzer M102
uses a modified box trail made in a single section.
Most of the shock of firing is transmitted through
the firing platform to the ground. The M102 does
aot have spades—displacement is prevented by
eight metsal stakes driven through holes located at
each point of the octagon-shaped firing platform

(fig 2-4).

.~ . Spades. The spades, positioned at the rear end
of the trail- on towed weapons (except the M102,

E
FIRING PLATEFORM

Figure 2-4. The M102 howitzer leveler, pivot, buffer assembly, firing platform, and firing stakes.

see e above) and at the rear of self-propelied
carriages, are forced or dug into the ground to
minimize displacement of the weapon during
recoil. The spades on the 105-mm towed howitzer
M101A1 are fixed to the trails (fig 2-6). The spades

GI8 BEARING ¢ —_ = .
e ’

.’\ ‘

PINTLE

TRAMFLING LOCK
PIVOT PIN

RA PD 222869

Figure 2-5. Equalizer.

'a_0' 2 4 A8 am_

- ) !"
|
i
l

<
t
FarRY)

Sty

. . P
.. L e mr oo .
Lt s o s et .
A TP et
PR TS I T G .
e el s b3

.
b




A . ~ v

(fig 2-9) is employed on the split trail 105-mm and
155-mm towed howitzers. This type of traverse
was used on most of the towed weapons of the past
30 years.

(2) Ring and race. Ring and race traverse is
employed on self-propelled weapons. A race,
containing balls or roller bearings, is mounted
between two rings, one of which is attached to the
carriage and the other, to the tarret. This
arrangement minimizes friction and reduces the
effort required to traverse the weapon.
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Figure 2+6. Fixed spade.
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Figure 2-8. Top carriage.
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Figure 2-7. Detuchable spade.

on the 155-mm towed howitzer are detachable and
are removed for traveling and carried in brackets
on the aide of th » trails (fig 2-7).

8 Top carriage. The top carriage (fig 2-8) Figure 2-9. Pintle traverse.
supports the cradle in its trunnion bearings and
. includes the elevating mechanism. It moves with
) gxle cradle in traverse ;:;xt t?ot in elevation. When 3 %{
- e weapon is traversed, the top carriage rotates ' -

horizontally on the bottom carrigge. (Asnotedina TeavisinG ."‘
above, the 105-mm howitzer M102 has no bottom
carriage.)
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h. Types of traverse. The types of traverse are
classified according to the manner in vhich the
caunon pivots in a horizontul plane about the
. stationary parts of the weapcn. The types of
E traverse employed by artillery weapons ere

described in (1) through (3) below.

(1) Pintle. The pintle is a vertical pin about

which the top carriage revolves. Pintle traverse Figure 2-10. Traversing mechanism.
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(3) Pivot and socket. The carringe of :he
106-mm howitzer M102 is supported on a firing
platform by a pivot and socket and four stabilizing
devicea, which ridac on the firing platform
stiffening ring, permitting a full 6,400-mil
traverse (fig 2-4). A roller tire, which is operstited by
a handwheol on the left side of the trail, is 10cated
at the rear of the trail and facilitates fine
traversing of the weapon. For large changes in
direction, the weapon can be traversed about the
pivot and socket joint located in the center of ti.e
aluminum platform. If necessary, one man can hii
the lunette to traverse the weapon to the desired
azimuth.

i. Traversing mechanism. The traversing
mechanism is a mechanical device used for
making lateral changes in the direction of the tube
and for !.olding the tube in that position. A typical
traversing mechanism (the arc and pinion type)is
shown in figure 2-10. The M102 is traversed as
described in A(3) above. Traversing mecharisms
may be either manually or power operated, or they
may incorporate both capabilities.

J. Cradle. The cradle (fig 2-11) is that part of the
carriage that supports the tube and sleigh. If the
weapon is not equipped with a sleigh, the cradle
houses the tube and the recoil mechanism. In
general, the cradle is & U-shaped trough with
slides or rails along which certain weapon
components recoil and counterrecoil. If a sleigh is
used, the cradle provides a means of securing the
recoil piston rod or rods. If a sleigh is not used, the
cradle provides mountings for the recoil cylinders.

mrimemarnemn ad

The trunnions [t the cradle furfii:s",i Gii GRis aoout
which the tipping parts rotate in elevation. The
trunnions rest in trunnion bearings on the
carriage. The elevating mechanism 18 coupled to
the cradle by means of the elevating arc, which
normally is fastened to the bottom or side of the
cradle. The cradle supports the recoiling parts and

moves in elevation with them.

k. Sleigh. The sleigh (fig 2-11) is that part of the
carriage that provides the immediate support for
the tube. In some weapons, the sleigh houses the
recoil mechanism and rsceils with the tube on the
cradle. Iri some cases, the recoil cylinders are bored
directly into the sleigh; in others, the cylinders are
separate tubes that are rigidly attached to the
sleigh. The tube is firmly secured to the sleigh,
which slides on the cradle in recoil and
counterrecoil.

l. Elevating mechanism. The elevating
mechanism (fig 2-12) consists of devices for
elevating or depressing the tube and holding it at
the dosired angle while it is being fired. The final
action generally 18 applied through an elevating
arc attached to the cradle and an elevatling pinion
attached to the top carriage. When an arc and
pinion are used, a worm and worm wheel usually
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are placed in the gear train to make the system
irreveraible go that the tube is held at the elevation
set. Elevating mechanisams may be aither
manually or power operated. or they may .
incorporate both capabilities, .
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Figure 2-11.  Sleigh and cradle.
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Figure 2-12. Elevating mechanism.

m. Equilibrator. On artillery weapons, the
horizontal axis (trunnions) about which the tube
revolves is located well to the rear of the center of
gravity of the tube to permit high angles of
elevation. Thus, the tube is unbalanced, with the
preponderance of weight toward the muzzle. An
equilibrator is a mechanical device that overcomes
the unbalanced weight and keeps the tube in
balance at all angles of elevation so that it can be
easily elevated or depressed. All types of
equilibrators are designed to reduce the manual
effort required to elevate the tube. 7he equilibrator
i8 in proper adjustment when the tube can be
elevated and depressed with equal ease. The
general types of equilibrators are spring,
pneumatic, and hydvopneumatic.

(1) Spring equilibrator. The spring :
equilibrator (fig 2-13) consists of & spring(s), stops, 1
and guide rods. The spring(s)is held in place under
tension by the stops, which are connected to guide
rods. When the tube is in its horizontal position,
the spring is compressed by the weight of the

barrel. The resultant force of the spring against

the cradle balances the tube. As the tube is -]

elevated, less force is required to hold itin balance. ~ ]
Ty
n
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The spring stop moves with tha cradle, allowing
the spring to expand and thrroby reducing the
force of the spring. The force f the apring is
alwaye great enough to hoid the tube in balance.
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Figure £ 13. Spring equilibrators.

Pneumatic equilihrator with

adjustment scale.
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Figure 2-15.
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(2) Pneumnat.c equilibrator. The pneumatic
squilibrator (Rg 2-14) consists sssentially of two
gas-filled telescoping cylinders with suitable
packing glands and pistens to confine the
compreased gas. As the tube is depressed, the
cylindsrs move apart, bringing the pistons close
togeiher and thereby increasing the gas pressure
and producing a greater litting force on the tube.
As the tube is elevated, the cylinders are
telescoped, decreasing the g+ : pressure to produce
a smaller lifting force on the tube.

(3) Hydropneumnatic equilibrator. The
hydropneumatic equilibrator (fig 2-15) consists of
a cylinder with a movable piston and rod and a
pressure tank connected to the cylinder by a short
pipe. These parts are permanently fastened to the
top carriage. The piston rod is fastened to the
cradle. Liquid from the cylinder passes through
the pipe conneciion to the tank. As the tube is
depr1ssad, the piston moves to therear, forcing the
liguid into the tank against the gas pressure. The
increasing pressure on the pistcn keeps the tube in
balance. As the tube is elevated, the gas pressure
forces the liquid back into the cylinder, moving the
piston forward. This pressure aids °n elevating the
tube and holdng it in position.

Note. Pneumatic and hydropneumatic
equilibrators must be adjusted by the cannon crew
io compensate for changes in ambient
temperature; spring-type equilibrators normally
require adjustment only if components are
replaced or, rarely, to compensgate for spring

fatigue.

HOWITIER TUBE

Hydropneumatic equs!*brator.

- "3 . e

PFlome 1N

ST T ITEIYYY . T TR Ty TN

J
1
1
.
:
4

1.; St LES




WY YT TR T TR Y. oW E v

Section 1),

2-8. Definition of Racoil

Recoil is the rearward movement of the tube and
connecting parts afier the weapon has been fired.
It is causod by the reaction of the tube to the
forward motion of the projectile as the projectile in
driven through the tube by the expanaing
propellant gases of the powder charge. Recoil
follows Newt:n’s law of motion, which states, in
effect, that for every action there is an equal und
opposite reaction.

2-8. History of the Development of
Recoil Mechanisms

a. The earliest cannons, prior to the year 1350,
were positioned on mounds of dirt or blocks of
wood. When a cannon was fired, quite a
disturbance was created around the weapon
position. When the smoke cleared, the cannoneers
began a search to the rear for their weapon. When
they found the we: n, they attached tew ropes
and draggsd it br  to its in-baitery position;
hence, the term "in-battery,” meuning the normal
firing position.

5. In 1350 the Venetians put their cannons on
'whee.ad mounts. This did not help to check recoll;
however, it did make it easier fox the caninoneaers to
move the weapon back to battery, and it improvad
the mobility of the weapon.

c. The French introduced the first efficient recoil

mechanism in 1897, in the famous "French 75.”
The weapon used the hydropneumatic liquid and
gas principle of checking recoil and returning the
tube to battery. Recoil was checked primarily by
the throttling of oil, and the tube was returned to
battery by the energy of the compressed gas.

d. Development of artillery cannons has always
been directed toward improving accuracy and
increasing the rate of fire. With the primitive
carriages used until approximately 110 years ago,
firing a shot caused the entire gun and mount to
jump violently. It was .nen necessary for the
guncrew to return the weapon to its original aim
before firing the next shot. With the use of the
hydropneumatic recoil mechanism, the gun tube
glides along the mount and then returns to its
in-battery position without excessive shock or
movement. The gun remains pointed inits original
direction and can be reloaded and fired much more
rapidly.

2-7. Purpose of a Recoil Mechanism

The primary purpose of a recoil mechanism is {o
eliminate weight and =t the sume time retain
stabilitv. It also minimizes the requirement for
ruggedness. A recoil mechanism is designed to
absorb the energy of recoil gradually, thus
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RECOIL MECHANISMS

avoiding violent shock to, or movement of, the
carniage, and to return the recoiling parts to the
in-battery position with A minimum of shock. it
must also held the recoiling parts in battery unti}
the weapon is fired sgain. The four functions of the
recoil mechanism are to—

a. Stop the recoiling prris.

b. Return the recoil:ng parts to the firing
position; that ir, to the in battery position.

¢. Perform the actions in a a1 A above without
excessive ghock to the carriage.

d. Hold the tube ad recoiling paris i the firing
position throughout all angles of elevation.

2-8. Major Systems of a Recoil Mechanism

A recoil mechanism is composed of three major
systems-—a reccil system, which provides the
stopping action by limiting the length of recoil and
stopping the recoiling parts; a couterrecoil
system, which returns the racoiling parts to the
in-battery position and holds them ir that
position until the weapon is fired again; and a
counterrecoil buffering system, which diminishas
the shock of the recoiling partu as they return to
the in-battery position.

2-9. Typas of Recoil Mechanism

a. The basic type of recoil mech. nism used on
current field artillery weapons is the
hydropneumaiic mechanism (g 2-16). ‘Hydro”
indicates that the mechanisir. cmploys a liquid;
the liguid used i8 re-oil oil. Recoil oil 18 a
petroleum-base hydraulic fluid. "I aeumun. "
indicaten that a gas is used. The gas used in these
rocoil mechaniams is nitrogen gas. When the
weapon is fired, the recoil movement »f the weapon
is controlled by the flow of ihe recoii oil through
certain throttling devices of the recoi: system, the
compression of the nitrogen gas in the recuperator
cylinder, and the friction of the movirig parts of the
weapon. After the force of recoil has been absorbed
by these thre: actions (throtiling of the oil,
compression of the nitrogen gas, and friction of t1e
moving parts), recoil action ceases. The energy of
the compressed nitrogen gas then causes the
counterrecoil system of the weapon to move the
tube back to the in-battery position.

b. Recoil mechanismas of today are identified as
being of the constant, variable, and dependent, or
variable and independent type.

(1) Constant. A constant recoil mechanism
has no mechanical means of chianging the length
of recoil. The tube recoils approxiniately the same
distance at all elevations when fired under similar
circumstances; that is, same powder charge, same
atmospheric temperature and so forth.
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Figure 2-16. Dependent hydropneumatic
recoil mechanism.

(2) Variable. A variable recoil mechanism has
a mechanical means of changing the length of
recoil. This change is accomplished automatically
by the variable cam assembly (fig 2-17) as the tube
is elevated or depressed. This type of action allows
the tube to recoil over a longer length atlow angles
of eleyation but reduces the length at higher
elevations without creating unnecessary
displacement of the carriage. Thus, we have a
much more reliable and stabie firing platform
from which to fire at all angles of elevation.

(3) Dependent. A recoil mechanism is
dependent if there is a liquid connection between

the recoil and counterrecoil systems (fig 2-16). The
oil flows from one cylinder to the other through the
connection. Thus, the oil is common to both

systems (recoil and counterrecvil), and each ' --

systemn is dependent on the other for its operation.
This type of recoil mechanism is used on the light
field artillery weapons.

(4) Independent. A recoil mechanism is
independent if there is no liquid connection
between the recoil anu counterr.coil systems (fig
2-18). The oil in one cylinder dees not affect the
operation of the oil in the other cylinder because
each system is independent of the other for its
function. This type of recoil mechanism is used on
medium and heavy field artillery weapons.

2-10. Functioning of a Hydropneumatic
Dependent Recoil Mechanism

a. Action in reccil. When the howitzer is fired,
the force of the expanding gas propels the
projectile out of the bore. This same force also
reacts against the breechblock and forces the
recoiling parts rearward, except for the recoil
piston in the recoil cylinder. The piston is held
from recoiling by the piston rod, which is secured
to the front of the cradle by the piston rod nut (fig
2-19). As the sleigh moves back in recoil, the recoil
oil in the recoil cylinder is forced through the oil
orifices into the regulator body of the recuperator
cylinder. The regulator b~dy conteins a one-way

Figure 2-17. Variable recoil cun. —assembled and 1. hantom views.

PR N S USSP, T T S SV UUr SR VNS, JUU U VORI

=

R N I R Rath R T ok T i i S S Mkl "R il Shas e ene mal Ane AN il ind e Aiciad i |
LRI, AT OO R ST 7 | R NN - PR RSN . . P

¢ m A a4 A2

TS 45 ¥ WP

X
j
n
1
1
3

oy




FLOATING PISTCN
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REPLENISHER

Figure 2-18. Independent hydropneumatic

recoil mechanism.

valve and a throttling opening through which the
oil passes and where it acts upon the floating
piston diaphragm in the recuperator cylinder,
forcing it to the rear and further compressing the
nitrogen behind the floating piston. As the
flouting piston moves to the rear, a control rod,
which is fastened to the diaphragm, is drawn
through the throttling orifice. The area through
which oil can flow ig theu gracdually reduced to a
point at which the remaining energy of recoil is
uneable to force the oil to the rear. At that time,
since the resistance is equal to the force, further
motion is impossible and the recoiling parts are
brought torest. Thus, we can say that the energy of
the recoiling parts is dissipated by—

33
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(1) The throitling of the recoil oil. S
(2) The compression of the nitrogen gas.
(3) The friction of the moving parts. ‘
b. Action is counterrecoil. When the recoiling e 4
parts are brought to rest at the end of recoil, the

unbalanced force of the greatly compressed
nitrogen gas forces the floating pis.on and
diaphragm forward, pushing the recoil oil back
through the regulator into the recoil cylinder
against the back of the recoil pistor,, and thereby
returning the recoiling parts to battery.

Note. The recoiling parts arereturned to battery
without shock by the counterrecoil buffer.

2-11. Functioning of a Hydropneumatic
independent Recoil Mechanism— e
Recoil Cycle ;—"“"

a. Recoil cylinder. When the weapon is fired, the 4

tube recoils in or on the cradle. Since the hollow
piston rod (piston and liner agsembly) is connected
to a lug onthe bottom of the breech ring, itis drawn
to the rear with the tube. As the 12ecoil piston is
drawn to the rear, oil is forced through two portsin
the recoil piston and through the throttling
grooves to the forward side of the piston (fig 2-20).
As the oil passes through the iapered throttling
grooves, the flow of oil from the rearward eide to
the forward side of the piston is gradually reduced
and finally stopped. This throttling action absorbs
most of the recoil energy.

29
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1—Recuperator charging valve
2—Recuperator cylinder
3—Recuperator floating piston
4-—Recuperator ylinder reguiator valve
5—0Qil index
6—-Recuperator cylinder filling valve
7—Counterrecoil rod stuffing box head
B8—Counterrecoll and recuperalor cylinder
head stuffing box
9—Counterrecoil cylinder
10—Counterrecoil piston rod
1 1—Counterrecoil piston assembly
12—Counterrecoil cylinder respirator assembly

b. Counterrecoil and recuperator cylinders.
When the weapon is fired, the counterrecoil piston,
being connected to the top of the breech ring,
moves rearward with the tube. The oil in the
counterrecoil cylinder is forced through an oil
passage and into the recuperator regulator valve
assembly by the counterrecoil piston. The flow of
oil under pressure opens a spring-lnaded valve in
the regulator assembly, permitting a free flow of
oil against the floating piston. The floating piston
moves forward, compressing the nitrogen gas.
Thus, the throttling of oil in the recoil cylinder, the
increased compression of the nitrogen gas in the
recuperator cylinder, and the friction of moving
parts stop the tube in recoil.

17—Buffer chamber in bore of rezoil pision rod andliner e
assembly
18-—Reccil throttiing rod
19—Recoil cylinder
20—Variable recoil cam shaft
21—Recoil piston and liner assembly
22—Variable recoil cam i
23--Gear sectors
24—Throttling rod packing head
Figure 2-20. Hydropneumatic independent reccil mechenism during recoil action.
a. Counterrecoil and recuperator cylinders.
After the tube has stopped at the end of the recoil
cycle, the counterrecoil system takes over to return
the tube back to the in-battery position as
fodows—

(1) The tlow of recoil oil stops, and the S
spring-loaded valve in the regulator valve B
assembly closes itself. In the head of the 1
recuperator regulator valve are two smali .

2:-12. Functioning of a Hydropnaumatic
Independent Recoil Mechanism—
Countrrecoil Cycle
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13—Replenisher oil filling valve plug
14—O0il reserve in replenisher
15—Recoil throttling rod

16—Recoil rod stuffing box head

counterrecoil controlling ports (fig 2-21), each of
which is about 1/16-inch in diameter. These ports i
control the flow of recoil oil back through the -y
regulator valve assembly and into the '
counterrecoil cylinder.

1
{(2) Since the floating piston is free to move, - = -4
the energy stored in the nitrogen gas reacts to 1
displace the floating piston to its normal
in-battery position. As the floating piston moves

2-10 : }
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Figure 2-21.

toward its in-battery position, it displaces the oil
from the recuperator cylinder through two small
controlling ports in the regulator valve into the
counterrecoil cylinder. The oil exerts pressure on
the rear of the counterecoil piston, moving the
counterrecoil piston forward and thereby pulling
the tube to the in-battery position.

b. Recoil cylinder. As the counterrecoil piston
rod pulls the tube into battery, the recoil oil in front
of the recoil piston flows through two ports in the
piston and the exposed throttling grooves in the
recoil throttling rod. Little throttling action cccurs
at this time in the recoil cylinder as compared to
that in the recuperator cylinder; howes er, &8 the
tube nears the in-battery position, it is slowed
down and eased into battery by the spearhean-
type buffer. The oil trapped in the buffer chamber
must escape through the centrally bored rotatable
throttling rod. Thus, the final movement of the
tube is cushioned as the tube returns to battery.

2-13. Types of Hydropnaumatic Independent
Variable Recoil Mechanismse and
Their Components

All current medium and heavy field artillery
canncns use the hydropneumatic independent
recoil mechanism. In addition, all hydropneu-
matic independent recoil mechanisms are of the
variable type, in which a variable cam assembly
automatically changes the throttling grooves, or
orifices, which control the flow of oil. thus
lengthening or shortening the length of recoil,
depending on the angle of elevation at which the
weapon is fired. When the weapon is fired at low

-
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Hydropneumatic independent recoil mechanism during counterreccil action.

angles of elevation, all the throttling grooves, or
orifices, are open so that the barrel and breech
assembly is allowed to recoil over a long distance,
providiug less shock .to the carriage. As the
weapon is elevated to higher angles of elevation,
the length of recoil is shortened so that the barre!
and b‘reech assembly will not strike the ground
and the force of recoill can be ahsorbed more
directiy by the carriage and the ground. A typical
variable cam assembly is shown in figure 2-17 and
explained in para a below.

a. Functioning of a variable cam ussembly. An
arc gear sector is :nowited on the forward end of
*he throttling rod. This gear sector is meshed with
7 similar gear sector mounted on the end of the
variable recoil cam assembly. The tubular cam is
machined with a spiral, or S-shaped, slot. A cam
pin, mounted on the camshaft, rides in the spiral
slot. The shaft is connected to the top carriage by
the variable recoil connecting rod. As the tube is
elevated or depressed, the connecting rod moves
the shaft either forward or rearward, causing the
cam pin on the shaft to turn the cam and its gear
sector, which in turn rotates th gear sector on the
rotatable throttling rod. The turning of the
throttling rod regulates the opening of the oil
passages in the throttling rod located in the recoil
cylinder, thereby changing the length of recoil
automatically as the tubeis elevated or depressed.

b. Recoil and counterrecoil actions. All
hydropneumatic independent variable recoil
mechanisms function basically as described in
this handbook. However, there ere some minor
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differences, which will become apparent as you
work with each individual weapon. For example,
the recoil mechanism of the 155-mm M109
(M109A1) has no counterrecoil cylinder, as such,
but has two variable rececil cylinders, a
replenisker, and a recuperator cylinder to perform
the same functions of the recoil mechanisni. In
addition, the M109 (M109A1) has a muzzle brake
on the end of the tube to help absorb some of the
force of recoil and shorten the length ofrecoil when
the weapon is fired.

¢. Replenisher. Only the hydropneumatic
independent variable recoil mechanisms use a
replenisher; the dependent recoil mechanisms do
not. The replenisher is a small cylinder containing
a spring-loaded piston. The replenisher is
connected to the recoil cylinder (or cylinders on
certain weapons); it is not connected to the
recuperator or to the counterrecoil cylinder. The
purpose of the replenisher is to maintain the
proper amount of recoil oil in the recoil cylinder
under pressure at all times. The replenisher
compensates for the contraction and expansion of
oil due to temperature changes and for changes in
the volume of oil required in the recoil cylinder
during recoil and counterrecoil. The replenisher
also provides a means of checking the quantity of
oil in the recoil system. On newer models of the
M109/M109A1 howitzers, the replenisher has an
accumulator and a pressure gage. The
accumulator contains an acorn-shaped bladder,
which is charged with nitrogen gas (by support
n}]aintenance personnel) to keep pressure on the
0Nil.

d. Counterrecoil buffer system. The
counterrecoil buffer system controls the last few
inches of the final movement of the reco*“ng parts
as they return to the in-battery posi.«n. thus
preventing shock to the carriage as .ae tube
returns to battery. A typical arrangement is &
cone-shaped buffer chamber working in
conjunction with a tapered rod (fig 2-21). As the
counterrecoil action nears its completion, the
tapered rod enters the buffer chamber and
displaces the oil. As the rod moves farther into the
chamber, the clearance between the two becomes
less and less as the oil i8 metered, or buffed. This
action causes the cnruncerrecoiling parts to return
to rest without slamming and without shock to the
carriage.

2-14. Maintenance of a Recoil Mechanism

Maintenance of & recoil mechanism is limited
generally to external cleaning, lubricating,
replenishing *he reserve oil, and exercising the
recoil mechanism on nonfiring weapons.
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a. Maintenance prior to firing.
(1) To maintain the slides—-

(a) Clean and lubricate the external bearing
surfaces.

(b} If the weapon has not been fired
recently, retract the tube and clean and lubricate
the slides. (Check the lubrication order for the
M102 weapon 18 an exception to th’ s.atement.)

(c) Insure that any burrs or nicks are
depressed by support personnel.

Note. Some of the later model w~apons have
plastic strips on the slides or gunw 8 that do not
need to be lubricated; therefore, alt ;s check the
latest lubrication order for the specific weapon and
comply with the current instructions.

(2) To service the oil in the recoil
mechanism—

(a) Add recoi! oil, as necessary.
(b) Drain excess oil, as necessary.

(3) Check the recoil mechanism to insure that
it is properly connected to the tube, sleigh, or
cradle.

(4) Exercise the recoil mechanism every 6
months if the weapoen is not fired.

b. Recoil oil. S.-0il vil is a petroleum-bsase
hydraulic fluid. Tt e #re presently three types of
recoil oil (OHT, OHA, and OHC) authorized for use
in field artillery weapons. CHT is ihe preferred oil
because it provides greater protection against
corrosion. The oils can be mired; however, nixing
should be avoided if possible because mixivg may
tend to dilute the protection additives of one or
more of the oils. A recoil mechanism that c. 'ntains
a mixture of oils should be drained and refilled
with the preferred OHT as soon as it Lecomes
available. All three oils are red in color and have a
tempex}‘;ature range of operation from -65° F to
+150° F.

¢. Care of recoil oil. 'To properly care for recoil
oil—
(1) Be certain that the oil is free of v-ater.
(2) Be sure that the il is clean.

(3) Purge all lines and connections when
filling cylinders.

(4) Store the oil in clearly marked containers
apart from lubricating oils.

(5) Destroy the container when it is empty.
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Section IV. BARREL AND BREECH ASSEMBLY

2-15. General

One of the major assemblies of an artillery
cannon is the barrel and breech assembly.
Artillerymen must understand the functioning
and required maintenance of the barrel and breech
in order to keep their weapons firirg.

2-18. History

a. In the preguapowder period, man tried to
increase the range of his weapons by using various
types of catapults and ballistae. These devices
were nothing more than great slings used to hurl
stones and other large, heavy objects considerable
distances.

b. The development of cannon preceded that of
small arms by about 50 years. The first firearms
were large, heavy, and inefficient and were not
capable of being carrie« by en individual soldier.
The tube of a gun was made of wooden staves
bound together with hoops of ivon; 1:ence, the name
"barrel.”

¢. Later, thesmoothbore weapons (in which iron
and bronze were useu for cast tubes) were
improved and some of the first attempts were made
to obtain mobility.

d. A period of transition followed (from about
1845 to 1885), during which breech loading and
rifling were tried and accepted.

4211 vrmen dla
e. The development of cannon artillery over the

ages and down to the modern period has resulted
ip the field artillery tube asg it is today.

(1) Construction. Today's tube is made from
an alloy steel ingot, which is poured and then
hot-forged into a cylindrical shape by means of a
high-pressure press. A hole is bored through the
center, the outer surface is rough-turned, and the
barrel is machined. The inside of the barrel is
machined with a bore guidance system, which
insures the straightness of the tube within 0.005
inch throughout its entire length.

. _—
% 7 7 ©I
A ©
7 /
/ 7 AR
A Diameter of the bore before prestressing.
B Diameter of the bore after prestressing.
C Stress action on the finished bore.
D Tungsten carbide slug.

Figure 2-22. Cross section of the tube during
manaufacture.
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(2) Stressing. During the sequence of
machining steps, the tube is permanently
prestressed by a process known &s autoirettage.
There are two types of autofrettage being used
today: light and medium cannon tubes are swaged
open by swage autofrettage ((a) below and fig
2-22), heavy cannon tubes are hydraulicelly
prestressed ((b) below),

(a) Swage autofrettage. In the swage
autofrettage process (light and medium cannon
tubes), an oversize tungsten carbide slug ( D fig
2-22) is pushed through the bore and physically
deforms the material by a predetermined amcunt.
When the slug is removed, the bore is in a state of
residual compressive stress, a desirable condition
for resisting the pressure generated during firing.
This process of prestressing increases the strength
of the tube without markedly reducing the overall
toughness of the steel and. thus incresses the
fatigue life of the tube.

(b) Prestress autofrettage. In the prestress
autofrettage process (heavy cannon tubes), the
ends of the tube are hydraulically sealed and the
canncn tube is lowered into a large cylinder, where
controlled hydraulic pressure is added to the
interior of the tube until such time as the molecules
of steel immediately surrounding the bore are set.
Like the process described in (a) above, this
process of prestressing increases the strength of
the tube withoui markediy reducing the overall
toughness of the steel and thus ircreases the
fatigue life of the tube.

2-17. Types of Barrel and Breech Assemblies

The barrel and breech assembly of an artillery
cannon (fig 2-23) is composed of a tube, a breech
ring, a breech nechanism, and, in some cases,
hoops, jackets, or liners. Basically, there are two
types of barrel and breech assemblies used on
current artillery cannons—the assembly in which
semifixed ammunition (ammunitior with a
cartridge case) is fired and the assembly in which
separate-loading ammunition (ammunition
without a cartridge case) is fired.

a. The barrz]l assembly of a cennon that fires
semifixed ammunition is composed of six interior
components ((1) through (6) below). In this
assembly, the cartridge case provides rearward
obturatinn (prevents the propelling gases from
escaping to the rear).

(1) The breech recess is the space in the
interior of the breech ring at the ~ear of the barrel
assembly. It reccives the breechblock, which
affords a means of mechanically opening and
closing the rear of the barrel to permit loading the
weapon.
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(2) The powcer chamber is that portion of the
tube that houses ‘he propelling charge.

(3) The centering slope is the tapered forward
porticn of the powder chamber. It causes the
projectile to center itself in the main bore.

(4) The forcing cone is the rear portion of the
main bore formed by tapered lands (raised
portions of the rifling). It ailows the rotating band
o_t;‘l&e projectile to be engaged gradually by the
rifling.

(8) The main bore is the rifled portion of the
interior of the tube.

(6) The counterbore is that portion of the
muzzle end of the tube from which the lands have
been removed. The purpose cof the counterboreis to
relieve stress when the weapon is fired and thus
prevent the tube from cracking.

b. The barrel assembly of a cannon that fires
geparate-loading ammunition has the six
components listed in a(1) through (6) above and, in
addition, has a gas-check seat, for a total of seven
componants. The gas-check seat is the tapered
portion of the tube at the rear end of the powder
chamber. The gas-check seat. in conjunction with

GAS CHECK SEAT (WEAPON USHING SEPARATE-LOADING AMMUMTION)
PORDER CHAMBER

BREECH ORCHG COME

WAIN BORE (RIFLING)
RECESS 4 B

)

\CENTEMNG SLOPE COUNTERBORE

Fioure 9.92 Intorinr camnnananto nf
T SRS, aAdeel RS LU e Uil O

breech assembly.

v s

Figure 2-24. Slidi-q wedge breechblock.

the obturator assembly of the breechblpck,
provides the rearward seal (rearward obturation).

Note. Obturation is the sealing process that
prevents the escape of propelling gases from the
tube during firing. Forward obturation in all cases
is obtained by the rotating band con the projectile
conforing to the lands and grooves of the tube,
thus preventing gases from escaping around the
projectile. Rearward obturation is described in
paragraph 19,

2-98. Breechblock

a. The breechblock is that component of the
Lreach mechanism that permits loading the
weapon from the rear. The breechblock requires
the same maintenance as that required for the tube
(para 23). The type of breechblocks used are the
sliding-wedge breechblock and the interrupted-
screw breechblock.

(1) Sliding-wedge breechblock. The
sliding-wedge breechblock (fig 2-24) is used on
weapons thai fire semifixed ammunition. The
breechblock slides in*o a rectangular recess in the
breechring to open and close the breech. This
breechblock do<s not form a gastight seal
(1carward obturation) when it is closed; however, it
does keep the cartridge case blocked in the powder
chamber so that rearward obturaticn is obtained
by the expansion of the cartridge case against the
;iva;lis of the powder chamber when the weapon is

red.
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Figure 2-25. Stepped-thread, interrupted-screw breechblock.

KEYWAY
OBIURATOR SPINOLL

C AS-CHECK
PAD DISK

INNER RINC
GaS CHECK PAD
FRONT SPLIY RING

s ATOR SPINDLL
VENT BUSHING

Fi wre 2-26. Obturator assembly.

(2) . rrrupted-screw breechblock. The
interrupted-screw breechbiock (fig 2-25)is used on
the weapons that fire separate-loading
ammunition; that is, ammunition without a
cartridge case. There are two variations in use—
the interru,..ed-screw breechblock without steps
in the threads, which is semiav omatic, and the
stepped-thread, interrupted-sci.w breechblock,
which holds it in the completely opened position to
facilitate loading and which also helps to swing it
to the cloged position as the can ioneer operates
the breechblock operating handle. The
semiautomatic interrupted-screw breechblock is
held in the open position by an operating cam
lever, and when the cannoreer raises the lever, ihe
breechblock closing springs cause the breechblock
to close automatically.

b. The interrupted-screw breechblock and the

iy .. /stepped-thread, interrupted-screw breechblock

(a(2) above) each has an obturator assembly (fig
2-26). This asserably consists of 2 mushroom head
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@ Closed before breechblock rotation.

DL 4

@ Under gas pressure.
Note: Ciearances are exaggerated for
purposes of illustration,

Figure 2-27. Obturator.

and spindle, two split rings, an inner ring, a
gas-check pad, and a gas-check pad disk. When
the breechblock is closed, the mushroom head
protrudes into the powder chamber, alining the
split rings and gas-check pad with the gas—check
seat. Rearward obturation is accomplished by the
compression of the eplit rings and gas—check pad
being forced against the gas-check seat by the
forward movement of the bréechblock as it rotates
about the obturator spindle and is pulled forward
by the thread segments. When the weapon is fired,
the pressure from the gases forces the maghroomn
head slightly to the rear against the front of the
breechblock. This action further compresses the
gas—check pad, which expands radially and forces
the two split rings firmly aguinst the gas-check
seat, thus preventing the gas from escaping (fig
2-27).
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2-19. Firing Mechanism

The firing mechanism is a device located on or in
the breech mechanism of a wrapon to ignite the
primer. The following types of firing mechanisma
are ueed:

a. Inertia percussion mechanism. The inertia
percussion firing mechanism is used on weapons
that have a vertical sliding—wedge breechblock
and fire semifixed ammunition. This firing
mechanism is characterized by a heavy firing pin
and guide assembly, which moves forward by
inertia to strike the primer after the action of the
firing pin spring has stopped. The firing pin and
guide assembly is retracted by a separate
retracting spring. The mechanism cocks when the
breechblock is opened and remains cocked during
loading and closing of the breechblock. It is fired
by pulling a lanyard on the M102 howitzer.

b. Firing lock M13 mechanism (continuous
pull). The firing lock M13 mechanism is used on
weapons that have horizontal sliding-wedge
breechblocks and that fire semifixed ammunition.
The complete operation of the firing mechanism is
effected by one continuous pull ¢f thelanyard, and
its safety feature is that it is no: cocked until the
instant before firing.

c. Firing mechanism M1 (percussion hammer).
The 155-mm towed howitzer M114A1 fires
separate-loading ammuniticn and is equipped
with firing mechanism M1 and the percussion
hammer. The firing mechanism with primer is
screwed into the breechblock by the cannoneer
when the weapon is loaded and ready to fire. The

hammer 1g attached tc the breschhlock carrier.
When the lanyard is pulled, the hammer strikes
the firing pin, which in turn strikes the primer,

causing the weapon to fire.

d. Firing mechanism M35 (continuous pull).
The firing mechanism M35 is used on all
self-propelled field artillery weapons that fire
separate-loading #mmunition. The M35 firing
mechanism uses a -artridge-type primer, which is
ejected from the raechanism automatically when
the breech mechanicm is opened. The complete
operation of the firing mechanism is activated by
one continuous pull of the lanyard {cocking and
firing), and its safety featureis that it is not cocked
until the instant before firing.

2-20. Auxiliary Devices

a. Chamber evacuators. Chamber evacuators
(fig 2-28) are used in combat vehicles to remove the
propellant gases from the bore after the weapon
has been fired, thus preventing convamination of
the fighting compartment. The chamber
evacuator, which fits over the cannon tube, forces
the gases to flow nutward through the bore. Part of
the gases flow through wvalves, which may be
insertsin theevacu :tororor icesin thetubeitself.
The evacuaior functions as .ollows:

W W N T
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(1) When a weapon is fired and the nrojectile
has passed the evacuator valves, located some

distance to the rear of th® muzzle, some of the . '

propellant gases flow into the evacuator chamber
(@, fig 2-29) creating a high pressure in the
chamber. This action continues until the projectile
leaves the muzzle, at which time tlie gases in the
bore are suddenly released. When the pressure in
the bore drops, the gases flow from the evacuator
chamber through the evacuator valves into the
bore ((3), fig 2-29).

(2) As the gases flow through: the valves at a
high velocity, they tend to draw gases from the
rear portion of the bore. While gases are escaping
from the evacuator chamber into the bore, the
breech is opened, allowing air and gases to flow
through the bore and out the muzzle ((4), fig 2-29).
The breech must be opened before all the gases
have escaped from the evacuator chamber;
therefore, an evacuator can be used only on &
weapon equipped with a semiautomatic breech
mechanism.

b. Muzzle brake. A muzzle brake {fig 2-28) is a
device that is mounted on the muzzle of a cannon.
It has a centrally bored hole, through which the
projectile passes, and one or more baff 8. The
primary purpose of a muzzle brake is to retard the
force of recoil. As the projectile leaves the muzzle,
the high-velocity gases following the projectile

through the tube strike the baffles of the muzzle ,- =

brake and are deflected toward the rear and sides
into the atmosphere. The gases exert a forward
force on the baffles; this force partially counteracts

the force of recoil, thereby reducing the force of
recoil,

2-21. Barrel Measurement, Definitions,
and Classifications

a. The caliber of a tube is the diameter of the
bore measured at the muzzle between opposite
lands. The caliber length of a tube is the distance
from the muzzle to the face of the breech recess and
is expressed in calibers. For example, the barrel of
the 8-inch howitzer is 25 times as long as the
diameter of its bore; therefore, itis 25 calibers long.

b. Rifling consists of a number of grooves cut in
the surface of the bore and the raised portions
between the grooves, known as lands. The rifling
imparts rotation to the projectile about its
longitudinal axis, thereby increasing its stability
in flight. The soft rotating band of the projectile is
forced to assume the contour of the rifling as the
projectile moves forward; thus, rotation is
imparted to the projectile.

(1) In most cases, the rifling in the field
artillery weapons of today *as a uniform
righi-hand twist. This means that the direction of

the twist forward from the breech is clockwise. The * :
twist is uniform throughout the bore, usually one -

turn in about 20 to 25 calibers.
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BREECH MECHANISM

CANNON TUBE

CHAMBER EVACUATOR MUZZLE BRAKE

Q0

272.12” OVERALL LENGTH
(LENGTH GF TUBE 238.05")

I

Figure 2-28. Cannon, 155-mm M185 chamber evacuator, muzzle hrake.
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Type Range Muzzie velocity Trajectory  Calibar lenoth
Mortar Short Low High 10 to 20
Howatzer Medium Medium Medium 20 to 30
Gun Long High Flat Over 30
MOR TAR
TARGET
A
Figure 2-30. Firing trajectories of field artillery weapons.

(2) The rifling in the towed 105-mm Lowitzer
M102 has an increasing rignt-hand twist,
increasing from one turn in 35 calibers at the
breech end to one turn in 18 calibers at the muzzle
end. The increased spin imparted to the projectile

£33\ with this type of rifling makes possibie greater

»
..‘\_

-

ranges with increased accuracy.
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c¢. Cannon artillery weapons are classified
according to their trajectory, range, and muzzle
velocity. The muzzle velocity is the speed of the
projectile as it leaves the muzzle; it varies with the
type of weapon and with the type and quantity of
Jropellant. The general classification data for
typical trajectories are shown in figure 2-30.

2-22. Barrel Maintenance

No field artillery weapon is of value unless it
receives proper care so that it is ready to fire. To
properly care for his weapons, a fi:ld artiiieryman
must understand the causes of damage to the
weapons gnd know how to minimize the damage.
Two causes cf damage to the tube are corrosion
caused by chemical decomposition of the tube
(rust) and erosion caused by gas wear, gas wash,
and mechanical wearing away.

a. Corrosion Corrosion, or rust. is caused by the
absorption of moisture from the air by the
hygroscopic primer salts deposit.d in the tube
during firing. These minute salt greins penetrate
the pores in the metal and are covered over by
protective coatings of powder foulings or carbon
during subsequent firing. Graduaily, ths grains
work back to the surface of the metal as they
absorb moisture from the air. This processis called
sweating. Rusting and pitting will result unless
prompt action is taken. Slight pitting is not
particularly harmful, but heavy pitting permits
the propelling gases to escape, thereby reducing
the muzzle velocity, increasing the tube wear, and
degrading the accuracy of the weapon. Corros on
can be eliminated by proper cleaning of the tube.

(1) An artillery tube should be cleaned
immediately after firing and for at least 3
consecutive days thereafter or until the sweating
stops. On the third day after firing, if the weapon is
not to be fired within 48 hours, it should be cleaned,
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wipod dvy, and coated with oil. A tube should be
cleaned weekly when not being fired.

(2) Rifle bore cleaner, the standard cleaner for
field ariillery weapons, removes residue more
easily and 30 percent faster than other agents. It
acts a8 a rust inhibitor for a period of 24 to 48
bours. It is not a lubricant. Rifie bore cleaner will
evrnorate at 150° F. The tvbe should be cool
en Zh to touch before the cleaner is used. Rifle
boi. cleaner should never be diluted with water.

(3) Cleaning compornd, solvent, may be used
in lieu of rifle bore cleaner. The solvent is a highly
penetrating liquid that also provides a temporary
rust-resistant coating for the cieaned surface.

(4) If rifle bore cleaner or cleaning compound,
solvent, s not available, an authorized substitute
is %-pound of GI soap to a gallon water. Warm or
hot water is preferred. Water alone can be used. In
freezing weather, alcohol, glycerine, or ethylene
glycol can be added to the cleaning solution to
prevent it from freezing.

{6) The cleaning procedure for eliminating
corrosion is the same for all cleaning solutions
except that the tube must be dried and oiled after
each cleaning with a substitute solution such asin
paragraphs (3) and (4) above. First, the tube should
be swabbed with the cleaning solution. (If GI soap
solution is used, the tube must be rinsed
thoroughly to remove the soap because of its
caustic action.) Then the tube should beri:ised and
dried thoroughly. After the tube has been cleaned,
it shonld have a nniform dull gray appearance
throughout its surface. Next, ithe tube shouid be
oiled. If the temperature is above 32° F, oil,
lubricating and preservative, medium, should be
used. If the temperature is below 32° F, oil,
lubricating and preservative, special, should be
used.

Note. Specific instructions are contained in the
current lubrication order ¥.¢ each weapon. Check it
for the latest instruzuone.

b. Erosion. Lrosion is the mechsanical wearing
away of the tube. The main causes of erosion are
heat and pressure. As the temperature of the metal
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increases, the metal becomes more pliable, thereby
accelerating the rate of erosion. The passage of the
projectile through the bore results in
metal-to-metal contact. The rate of wear resulting
from this contact remains relatively constant. At
the instant of firing, before the projectile begins its
travel through the bLore, the propeiling gases
escape past the rotating band. The escaping gases
cause wear, known as gas wash, because of their
velocity and extreme heat. Dirt is another cause of
erosion. The rate of erosion is accelerated by the
abrasive action of dirt, sand, and grit if allowed to
accumu.ate in the tube or on the projectile. Erosion
cannot be eliminated, but certain firing battery
practices and procedures can be employed during
firing to retard the rate of erosion. Some of these
practices are described as follows:

(1) Use the lowest charge that will permit
efficient and effective accomplishment of the
mission. Using the lowest charge commensurate
with the mission reduces heat and reducer the
pressurein the breech with a consequent decreased
in the amount and velocity of gases escaping pant
the rotating band.

(2) At all times use the lowes! rate of fire that
will efficiently and effectively accomplish the
mission. Using the lowest rate of fire reduces heat.

(3) Rest a weapon 10 minutes each hour
during sustained firing toc permit cooling.

(4) Swab the tube with cool water during lulls
in firing and gswab the powder chamher of a
weapon firing separate-loading ammup ‘tion after
each round. Swabbing reduces heat and removes
any dust, grit, or snd that has gettled in the tube
as a result of firing. Swabbing also removes some
of the primer salts, as well as extinguishing any
smoldering pieces of the previous powder bag or

charge that might be left in the powder chamber.

(5) Use clean ammunition at all times. Before
loading, clean the projeciile and propellant to
remove any dirt £nd sand. Keep the murzle and
breech covers in place during travel and wipe the
tube dry before firing. Punching a dry rag through
the tube before firing will remove the oil and also
prove thet the bore is ciear of any obstructions.
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Saction V. NEW WEAPONS

) 2-23. Genera!

The basic principles of mobility, stability, and
flexibility are being put to use in the new weapons
that have been introduced during the 1970s. Most
of these *veapons are still in the experimental or
testing stages; however, all of the new weapons are
now in the hands of the troops.

2-24. M109A2/A3 Howitzer, Self-Propelled

These .re the newest versions of the 155-mm
M109 self-propelled howitzer (fig 2-31). These
weapons are currently in the hands of some field
artillery units; the remaining units will receive
them as they hecome available. This weapon has
busically the same capabilities as the M109A1.
The main difference is that they have receivd a
total of 19 product improvements (PIPs) or
modifications that were designed to increase
+eliability and maintainability. The primary
tifference between ¢ M109A 2 and the M109A 3 is
ihat the M109A2 is a completely new weapon from
the ground up whereas the M109A3is a retrofit or a
rebuild of existing M109 and M109A1 howitzers.

2-25. M198 Howitzer, Towed
This is the newest addition to the cannon

artillery family. The M19¢ is a 1Hh-mm towed
howitzer capable of achieving ranges of
approximately 30,000 meters when firing the
rocket easisted projectile (RAP) and a new M203
propelling charge. This weapon has a 6400m rapid
shifc float being incorporated on the weapon. It is
anticipated that the M198 will replace selected
156-mm towed howitzer M114A1 or M114A2 in
nondivisional units; alse, the M101A1 106-mm
towed howitzer of the Marine Corps and most
active Army units.

2-26. M110A2 Howitzer, Self-Propelled

This is the latest version of the 8-inch
self-propelled howitzer. The most noticeable
difference between the old and new weapons is the
longer tube and the muzzle break on the newer
version. The M110A2 has an increased range
capability over the old M110. As a result of the
longer tube and muzzle break the M'10A2 can fire
higher zones or charges of propellants than the
M110. The M110A2 hasreplaced all M110s and the
(l!)‘IlO7 (176~-mm gunes) in the Army and Marine

o1 ps.

Figure 2-31. MI0942/A3 155-mm howitzer, self-propelled.
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Figure 2-32. M98 howitzer, towed.

Section VI,

2-27. Raview
amte af an or}“lqr}v

a. The three major components of an artille
weapon are the carriege, the recoil mechanism,
and the barrel and breech asgembly. You must
have a basic knowledge of the design, purpose,
function, and general mainienance of these
components to understand the more complex
functioning of componunts, which you will study
in later clasaes.

b. The new and experimental weapons you have

SUMMARY

just read about, and the new pewder charges to go
with them, are the mcans whereby the Feld
Artillery branch is staying abreast of technology
to make our artillery cannons the best in the world.
Thus, our cannoneers will still be able to put steel
on the target and to support the ground-gaining
arms by accurate and timely firepower. The basic
fundamentals you have learned in this chapter
will still be appropriate in the future. Know your
weapons, what they will do and what they will not
do, and know how to take care of them.
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APPENDIX A S
-t~ o
SELECTED CHARACTERISTICS OF FIELD ARTILLERY CANNONS SR
. ~ \“
) ..‘4
-d
¥
A
>
“
*An indicated by thermal warning device v
*eChyg 8: 1 rd/n.in for 50 min, then 1 rd/5 min thereafter .
sselfaximum of 300 zone 3 rounds N
HSW--Horlisontal sliding wedge .
VS'W.-Vartical slldin} wedge .
STIS--Stepped thread, interrupted screw o
TI5--Thread Interrupted screw ™
PH--Percussion haminer 1
CP-..Continuous pull i
SIP..Spring actuated, inert'.ia percussion j
HPC--Hydropneu natic constant J
HPV--Hydropne’ matic varisble "4
HP--Hydropne amnatic :
Pneu--Posuratic ) ’
BG--Box girder é‘if ‘
[ &F 4
Caltborand model | -
iA j
105 -mun howitser . 11J1A41, towed 11,¢10 {7,500 HoW | MI3JHPC| 39 42 1-89 ] 1,156]10 Pintle 409 400 19| Spive | Springl MIZATS
NaA Ball
and
105 -mm howitzer M102, towed 11,500 {5,000 VSw | SIP {HPV] 30 |50 J-89)1,333]10 socket | 65,400 [6,400 121 ] BG Spring| MI13A1
19, 400 | M1
(A2 only}] 2,000
MI1AL &
i55-mm howitser M114Al, towed MlAl(Mod) PH
155-mm howitser M114A2, towsed 14,620 [ 7,500 STIS | M1 HPV ]| 41 |60 0j1,156]15 Plutle 448 418 |10 | Split | Sprin; MI12A7Q
30,000 | 1,750
cPp 400 400
155 -mm howitser M198, towed 24,000 TIS M35 |HPV| 50170 ;-89 1,279]10 Pintle | (6,400 spead) |10} Split | Pneu M137
23,500 Ring )
CP and Veh =
155-rrun howitser M109AL, A2, A3, SP| 18,197 . 300 TIS | M35 | HPV! 24 136 |-53|1,333{10 Tace 6,400 16,400 [10 | spude | HP Mil?_ | -
30, 00¢ rang !
{ [ Ccp and Veh
-inch howitser M110A2, SP 1 22,900 | 10,000 STIS | M35 | HPV ] 25 ;70 35 11,1561 2.5 rvace 533 533 ) 5] spade | Pneu Ml15 |
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SELECTED CHARACTERISTICS OF FIELD ARTILLERY CANNONS—Continued

/

Prcht- -Parachute
/ 24 -ton--Truck
§-ton- -Truck
5/4-ton- -Truck
10-ton--Truck
Hel- -Helicopter

L

g? Notes
Hel
M21A1 | MIGALD | MAA L 4,980 196" | 74 | s'2» 1 10 3 Zi-ton 6-75 | 9-1015-203-12
24 -ton
Hel
Prcht
MI34AL{ MI114A]1 | MI4A1] 3,170] 22! 6'4" | 5'3" | 2 10 3 5/4-ton 9-1015-234-10
T -
M25 MIlA1 12,7001 24' 8' 511 3 4 1 S-ton 6-81 | 9-1025.200-12
M17
M171 M138 M18 15,800 | 39'3" | g'2" | 9'6" |TBD] 4 * 5-ton 9-1025-211-10
9-2350-303-10(A2)
Ml4b ML18CALll M15 53,9401 29'8" |10'4" [10'1" } 4 **} | SP 6-88 | 9-2350-217-10N{A1/A3)
3513
M139 M15 62, £00 10'4" | 9'11y 2 1.5]0.5] 5P 6-94 | 9-2350-304-10
L 39 Army-Ft, Sill, Okla.
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Section |.

3-1. Refsrences

TM 9-1015-203-12, FM 6-75, and LO
9-1015-203-10.

3-2. Introduction

The 105-mm howitzer M101A1 is a light towed
field artillery weapon normally used in direct
support of an infantry division. The 105-mm
battalion includes three firing batteries equipped
with six howitzers each. The M101A1l (fig 3-1)

Figure 3-1.

*Supersedes HB-3 WCXXWS, Dec 81.
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CHAPTER 3
105-MM HOVIITZER M101A1, TOWED
GENERAL

weighs 4,980 pounds and fires a 33-pound
projectile of semifixed emmunition to 8 maximum
range of 11,000 meters. The prime mover for the
howitzer is the 2Y%-ton cargo truck and can be
transported by CH-47 helicopters. This chapter
describes the nomenclature, cperation,
functioning, adjustment, maintenance,
disassembly, and assembly of the major
components of the weapon.

105-mm howitzer M101A7
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Section II. CARRIAGE :

3-3. Trails

a. Purpose. The trails are used to connect the
weapon and the prime mover for traveling, to
stabilize the weapon in the firing position, and to
carry the aiming posts, trail handspikes, and the
old wooden style cleaning staff sections.

b. Construction. The trails are constructed of
welded steel, built up and reinforced with
transoms inside.

c. Parts. The parts of the trails are:

(1) Trail extensions, which connect the {rails
to the equalizing mechanism by means of trail
hinge pins (fig 3-2). :

(2) T ail locking pins, which lock the trails B PR -
when spr:ad to prevent them from closing during L e e s el
firing (fig 3-2).

(3) Trail bumpers, which limit the spread of
each trail to approxiraately 30° from center, for
total spread nf 60° (fig 3-2).

(4) Cradle traveling lock brackets. See
pa;agraph 6b(7)(b)2.

(5) The fixed spades, which provide stabil‘ty

a.r. sEma

for the wzapon during firing (fig 3-3). Figure 3-3. Lunette and drawbar assembly. T
(5) The lunette and drawbar assembly, which v,
allows connection of the weapon to the prime 3-4. Equalizing Mechanism

mover for traveling (fig 3-3).

a. Purpose. The equalizing mechanism permits
the weapon to be emplaced in the firing position on
uneven terrain with the four points of contact on
the ground, the two wheels and two spades, in
different planes.

b. Components. The equalizing mechanism
4 ST e n consists of an axle. gib bearings, an equalizing
S U h support, a horizontal pivot pin, and an axle lock
N crank assembly.

1
1
!
|
|

¢. Functioning.

(1) When the weapon ic fired, the shock of
firing is transmitted to the horizontal pivot pirn
and the two trails. This results in three points of
suspension, even though four points of the weapon
rest on the ground.

(2) When the weapon is emplaced on uneven j
terrain, the equalizing support rotates on the

horizontal pivot pin, placing thetilting parts of the ,
weapon in a firing position within the limits of the B
g1b bearings 10° (178 mils) (fig 3-2). y

d. Axle assembly. The axle assembly is an
I-beam forged construction with a spindle ori each
end for mounting habs. Gib bearings o both sides <
maintain alinement with the equalizing -~ .
mechanism. Mounted in front on both sides of the ~
weapon are handcranke (fig 3-4) for axle locks to

3-2
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lock the equalizing support and axle together
when in the traveling position. The horizontal
pivot pin is mounted in a center bearing (fig 3-4).

e. Support group. The support group is a
built-up, welded tube, the surface of which moves
in the axle gib bearings. The contact between the
screv: stops on the axle and the lugs on the aupport
limits the amount of inclination.

3-6. Cradle
a. Purpose. The cradle—

(1) Supports the sleigh, the recoil mechanism,
and the barrel and breech assembly.

(2) Provides a means of attaching the recoil
piston rod to the carriage.

b. Construction.

(1) The cradle is a U-shaped trough made of
reinforced steel that supports the recoiling parts
and moves in elevation with them. The front end is
closed, and the rear end is open.

(2) The recoil piston rod passes through a hole
in the front of the cradle and is held in place by a
piston rod outer locking nut.

(3) The rear end of the cradle is open to allow
the recoiling parts to move rearward.

(4) The recoil sleigh assembly rests and slides
on bronze strips attached to the top of the cradle.
The breech ring rests and slides on steel rails.

(5) The trunnions, located approximately 38
inches from the rear of the cradle, vest in bearings
in the top carriage and provide the pivot point for
elevation.

(6) Cradle lock strut;:

HOAZONTAL
PIVOT PN

Figure 3-4. Right- and left-hand axle locks.

UPPER STRUT
B | ATCH ASSENBLY

CRADLE LOCK
STRUT ASSEMALY

N Lowen STRUT .
LATCH ASTEMNLY 3

Figure 3-5. Cradle lock strut assembly.

(a) Purpose. The cradle lock strut (fig 3-5)
supports the overhanging weight of the barrel and
breech assembly and the recoil mechanism in the
iraveling position and thus removes the sirain
from the elevating mechanism, which would
otherwise be subjected to excessive wear.

(b) Construction.

1. The upper end of the cradle lock strutis
mounted to the bottom of the cradle by two plain
bearings and a hinge pin.

2. The cradlelock strut consists of a brace,
a piece, a turnbuckle, and two jamnuts (fig 3-5).

(c) Positions.

1. In the traveling position, the cradle
lock strut is swung down and locked ‘o the center
and bottom of the bottom carriage and is held in
place by the lower strut latch assembly (fig 3-5).

2. In the firing position, the cradle lock
strut is swung upward and locked in. place by the
upper strut latch assembly (fig 3-5).

{d) Adjustment.

i. The cradle lock strut can be adjusted, if
it is too long or too short to engage the Jower strut
latch when the trails are closed, by loosening the
jamnuts on the scrut, turning the turnbuckle until
the proper length is obtained, and retightening the
jamnuts.
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Migure 3-6. " Cradle traveling lock.

9. The cradle lock strut must be ad;usted
so that the upper bearing surface of the cradlelock
beace engages the lower strut latch.

3. The trails rust be closed, and the
cradle traveling lock must be secured.

Note. If the strut is not properly centered
with the trails closed, the traveling lock brackets
on the trails should be adjusted.

(7) Cradle traveling lock:
(a) Purpose. The cradle traveling lock--

i. Locks the cradle in the center of
traverse for traveling.

2. Relieves the strain from the elevating
and traversing mechanisms.

(b) Construction.

1. The cradle traveling lock (fig 3-6)
consists of two ball-shaped pieces mounted on the
rear bottom end of the cradle.

2. Matching brackets on thetrailsengzage
the ball-shaped pieces when the trails are closed
and hold the cradle in the center of traverse for
traveling.

3. The cradle traveling lock brackets may
be adjusted to tighten the fit and to center the tube
sc that the cradle lock strut will operate properly.

3-6. Handbrakes

a. Purpose. The handbrakes hold the weapon in
position when it is not connected to the prime
MOVEr.

b. Disassembly, adjustment, and assembly.

Disassemble, adjust, and assemble the
handbrakes as described in TM 9-1015-203-12,

W e T
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c. Proper adjustment. The handbrakes are in
proper adjustment when the levers can be pulled
about halfway dowrn the rack before the brake is
completely set. To verify the adjustment, the
wheels must be raised and rotated when the
handbrake is applied.

3-7. Wheels and Hubs

a. Remove and assemble the wheels and hubs as
described in TM 9-1015-203-12.

b. Adjust the wheel bearings asdescribed inTM
9-1015-203-12.

Note. Maintenance of this component and of all
other components of the 105-mm howitzer
M101A1 described in subsequent paragraphs of
this chapter will include lubrication of the item
concerned. Lubrication of all components will be
performed in accordance with Lubrication Order
9-1015-203-10.

3-8. Top Carriage

a. Purpose. The top carriage providea flexibility
in traverse and supports the cradle and the
elevating and traversing mechanisms on tho
stationary mount provided by the equalizing
support.

b. Components. The top carriage consists of
everything that moves in traverse, Hut not in
elevation, except the shields, { versing
mechanisms, and elevating arcs. The top carriage
is locked in the center of traverse by the cradle
traveling lock.

c. Assembly. Th vertical pintle pin passes
through the top carrnage and support. The cradle
pivots on the trunnion bearings at the rear of the
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top carriage. The pintleis the axis for traverse, and

.~ the trunnions are the axis for elevation.
Dt}

d. Lubrication. The top carriage is lubricated as
prescribed by LO 9-1015-203-10.

3-9. Traverse

The type of traverse is pintle. The pintle is the
verti 1! bearing avout which the top carriage
revo.ves.

a. The total amount of on-carriage traverse is
80D mils, 400 mils to the left and 499 mils to the
right of the center of traverse.

0. The amount of traverse, left and right, is
limited by stops on the top carriage contacting the
equalizing mechanism.

3-10. Traversing Mechanism

a. Purpose. The traversing mechanism allows
the tube o1 the weapon to be moved either left or
right in a horizontal plane.

b. Type. The traversing mechanism on the
towed 105-mam howitzer is of the screw-and-nut
type.

(1) Each complete turn of the handwheel
moves the tube 19 mils.

(2) The muzzle moves to the right when the

-7 handwheel is turned to the right, and the muzzle
gsnoves to che left when the handwheel is turned to

the left.

¢. Components. The traversing mechanism
consists of a nut housing bracket, a screw, a shaft,
a handwheel, and a pivot mounting bracket for
acrews.

d. Disassembly and assembly. End play in the
traversing wormshaft is adjusted by means of a
collar. The collar may be removed and replaced.
The handwheel may be removed, installed, and
adjusted as described in TM 9-1015-203-12. The
allowable backlash in the handwheel is 1/6 turn.

e. Lubrication. The traversing mechanism is
lubricated as prescribed by the current LO
9-1015-203-10.

3-11. Elevating Mechanism

a. Purpose. The elevating mechanism allows
the tube to be moved in a vertical plane.

b. Type. The elevating mechanism is of the arc
and pinion type.

(1) Total elevation is from 0 to 1,156 mils.
Elevation is limited by the equilibrator spring
front seat contacting the fulcrum.

4?-‘ (2) Total depression is from 0 to -89 mils.
-*~"Depressgion is limited by the stops screwed on the

bottom of the elevating arcs.

35

(3) Onecomplete turn of the handwheel moves
the tube 10 mils.

c. Componente. The elevating mechanism
congists of a left elevating handwheel with an
elevating cross-shaft, two bevel gears, a flexible
joint, and » bevel pinion shaft and of a right
elevating ! indwheel with two bevel rears, a
flexible joint, an elevating wormsihaft, an
elevating worm, an elevation worm wheel, an
elevating worm wheel shaft, spur pinions, and two
elevating arcs.

(1) The worm a' ' worm wheel make the
elevatin mechanism ¢ . irreversible type.

(2) Plain bronze and antifriction roller
bearings are used in ihe elevating mechanism.

d. Disassembly and assembly. Only the
elevating handwheel may be removed and
adjusted as described in TM 9-1015-203-12. The
maximum allowable backlash in the elevating
handwheel is 1/6 turn.

e. Lubrication. The elevating mechanism is
tuocicated as prescribed by the current LO
9-1015-203-10.

3-12. Equilibrator

a. Purpose. The equilibrator compensates for
the preponderance of the weight toward the muzzle
caused by the rear-mounted trunnions and thus
reduces the manual effort required to elevate and
depress the tube.

b. Type. The equilibrator is an open-spring,
puiler-type mechaniem that connects the rear end
of the cradle to the top carriage.

c. Adjustment.

(1) If the tube is hard to elevate and easy to
depress, tighten the adjusting nut on each rod an
equal amount by turning it clockwise % turn until
the same amounrt of effort is required to elevate the
tube as to depress the tube.

(2) If the tube is easy to elevate and hard to
depress, loosen the adjusting nut on each rod an
equal amount by turning it counterclockwise %4
turn until the same amount of handwheel effort is
required to depress the tube as to elevate the tube.

Note. If the nuts are not adjusted equally, the
rear seat of the spring will bind on the spring roa.
The distance from the end of each guide rod to the
adjusting nut should be measured to insure equal
adjustment.

3-13. Shields

The shielde are constructed to protect the crew
from fragmentation or small-arms fire from the
front. The shields may be removed by the using
unit, although this is seldom necessary. The sight
box is mounted on the left shield.
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Section {ll. BARREL AND BREECH ASSEMBLIES

3-14. Barrei Assambly

a. General. The barrel assembly consists of the
tube, breech ring, cannon locking ring, and guides.
‘The barrel is screwed into the breech ring and
secured by tae breech ring locking ascrew. The
barrel is secured to the recoil sleigh by the cannon
locking ing, which is locked in place by the
cannon locking ring screw. Two lugs on the breech
ring fit into matching notches in the rear yoke of
the recoil sleigh, thus preventing the barrel group
from rotating inside the sleigh during firing.

b. Construction. The tubeis made by peuring an
alioy steel ingot, which is hot forged into a
cylindrical shape by use of a high-pressure press.
A hole is then bored through the center and the
outside surface is rough-turned and machined.
The insidz of the barrel is machined with a bore
guidance system that insur« s the straightness of
the barre! to within 0.005 inch for the entire length
of the tube. The tubeis made of high strength steel.

¢. Characteristics.

(1) Caliber—105-mm, or 4.13 inches between
opposite lands.

(2) Length—(muzzle to rear face of breech
ring)—101.35 inches.

(8) "« -~th of tube—93.05 inches (22.5 cal).
{4, 7. - ath of riiing (borej—~78.0Z inches.

. .ecte T ity—472 meters per second
(ma . im charge).

(6, Maximum chamber pressure—3Z2,000
pounds per square inch.

(7) Lands and grooves--36.

CENTERNING SLOPE
FOOCING

T et B T
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(8) Rifling—uniform right-hand twist, 1 turn
in 20 calibers.

(9 Maximum range—-11,000 meters.

(10) Rate of fire—sustained is 3 rounds per
minute; maximum is 10 rounds per minute for the
first 3 minutes.

(11) Weight of barrel assembly—973 pounds.

(12) Weight of breech mechanism—91
pounds.

d. Tube and breech life. Each round of
ammunition fired through a cannon tube causes
wear and erosion of the tube and results in a
change in the dimensions of the bore. The extent of
wear for most gun tubes and some howitzer tubes
determines the remaining life of the tube. In
addition to wear and erosion, each round produces
metal fatigue, a process in which heat and
expanding gases weaken the metal in the tube and
reduce tube life. The method for determining the
remaining life for these tubes is to convert rounds
fired to equivalent full charge (EFC) rounds and
subtract the EFC rounds fired from the remaining
rounds authorized. The tube and breech life for the
105-mm howitzers M101 and M101A1 are shown

in table 3-1. The information in the table was ;- "-'m
extracted from TM 9-1000-202-10 and change 1 to =@

TM 9-1000-202-35.

(1) To convert rounds fired to EFC rounds,
muitiply the number of rounds fired (Ly charge) by
the EFC factor for the charge as shown in table
3-1.

(2) Since the condemnation criteria for the
tube and breech, as listed in table 3-1, ie based on

COUNTENBORE

Figure 3-7. Cross section of 105-mm tube.
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Table 3-1. Condemnation Criteria for Tubes and Breech Assemblics
l Condemnation Criteria for Tubes and Breach Assemblies T
106-mm Howitzer M101 and M101A1
Cannon tube EFC life of tube EFC factor Breech life
M2A1 5,000 rounds Charge 7 = 1.00 | Original, plus 2 tubes
Charge 1-6 = 0.25
M2A2 7,500 rounds Charge 7 = 1.00 [ Origirnal, plus 2 tubas
Charge 1-6 = 0.25

EFC rounds fired, the charge for each round fired
must be entered on the Weapon Record Data Card
(DA Form 2408-4) maintained in the log book for
each weapon. The total rounds fired by charge
must be carried forward to the new data card upon
closeout and submission of the old card to the U.S.
Army Weapons Command on the dates indicated
in TM 38-750.

e. Borescoping requirements.

(1) Since there is no direct correlation between
wear measurements and metal fatigue, the
requirement o borescope cannon tubes still exists.
Cracks, material defects, and other damage,
although they bear little relation tc zannen age or
number of rounds fired, can grow progressively

H‘-"morse through continued firing. Therefore, a

non tube may be condemned even though the
“EFC condemnation limit may not have been
reached.

(2) As a minimum, insure that technically
trained personnel visually inspect cannon tubes
with a borescope as follows:

(a) Cannon tubes will be inspected with a
borer~ope within 90 days prior to the initial firing
of t1 weapon and at 9-day intervals when the
weapon is used for continuous or recurring firing.

(b) Cannon tubes will be inspected with a
borescope within 90 days prior to the initial firing
of the weapon and within 90 days prior to
semiannual, annual, or other firing intervals.

{c) At the time of inspection, the
maintenance personnel should check to insure the
user is maintaining TAMMS reccords in
accordance with TM 38-750, is accurately
recording rounds fired by charge, and is accurately
computing remaining EFC rounds.

3-16. Interior Portion of Barrel and Breech

a. The breech recess is the space at the rear of

the barrel assembly forme:i in the interior of the

_i)reech ring, which is designed to receive the

~Jreechblock, and thereby affords a means of

mechamcally opening and closing the rear of the
assembly for loading and firing the weapon.

-------
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b. The powder chamber is that portion of the
tube designed to house the propelling charge
which is contained in the cartridge case.

c. The centering slope is the tapered portion
forward of the powder chamber that causes the
projectile to center itself in the bore during the
loading operation.

.d. The forcing cone is the rear portion of the
main bore formed by tapered lands. The forcing
cone allows the rotating band of the projectile to be
engaged gradually by therifling, thusinsuring the
proper seating of the projectile.

e. The main bore incltides all the portion
forward of the centering slope; that is, the entire
rifled portion of the bore.

f. The counterbore is that portion of the muzzle
end of the tube that has been rebored a
predetermined distance to increase the diameter
by removing the lands and grooves from that

v Th [ whoo
poruion, JALPUrpose of the counterboreis torelieve

stress when the weapon is fired to prevent the end
of the tube from cracking. It does this by allowing
the gasses to escape past the rotating band, before
it reaches the end of the tube.

3-186. Exterior of the Barre! Assembly
a. General.

(1) The rear end of the barre! is threaded
externally so that the breech ring can be screwed
onto the tube.

(2) The four scribed lir2s (or dots) on the
muzzle end of the tube are witness marks for
alining the crosshairs used in boresighting.

b. Cannon locking ring.

(1) The cannon locking ring is screwed onto
the tube just in front of the front yoke of the sleigh
assembly. It attaches the barrel and breech
assembly to the recoil sleigh assembly.

(2) The threads of the cannon locking ring are
lubricated with grease, molybdenum disulfide
(GMD). This lubricant is an improvement over
graphite grease and should be used if available.
Both lubricants have heat-resistant qualities.
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¢. Seat ring. The geat ring is the bearing surface
directly behind the threads on the tube that receive
the cannon locking ring and fits inside the bearing
surface in the front yoke of the recoil sleigh
assembly. It serves the purpose of seating the tube
properly in the sleigh assembly.

d. Fixedring. Thefixedringis the raised portion
just to the rear of the seat ring. It stops the forward
mution of the tube asitisinstalled inside the sleigh
assembly and fits snugly behind the front yoke as
the cannon locking ring fits in front of the front
yoke.

3-17. Breech Ring

a. The breech mechanism allows the breech to
be opened so that a round of ammunition can be
inserted and be closed so that the round can be
fired.

b. The breech ring is screwed on the tube and
locked in place by a locking screw. Two lugs on the
bottom of the breech ring prevent the tube from
rotating during firing.

c. There are two bronze slides on the bottom of
the breech ring and two guadrant leveling plates
on the top.

3-18. Breech Mechanism

a. The brcech mechanism ailows the breech to
be opened so that a round of ammunition can be
inserted and to close so that the round can be fired.

~ B WITTTTTI

1 1 rA B 2N

Figure 3-8, Breech mechanism—components.
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b. The breech mechanism (fig 3-8) is housed in
the breech ring. It is composed principally of a
horizontal sliding-wedge breechblock, the

breechblock operating lever and lever pivot, and -_‘1-;'.‘

an extractor and also houses the firing lock and
trigger shaft, which are considered components of
the firing mechanism.

r. Two safety fratures are inherent in a sliding
wedge-type breechblock employing a continuous
puli-type firing lock. First, if the breechblock is not
fully closed, the firing pin cannot strike the primer;
second, the firing lock cannot be actuated if the
tube is more than 31 inch out of baitery, because the
trnigger shaft cannot be rotated far enough te
actuate the Jock.

d. Two German silver quadrant seats are
locateu on top of the breech ring. These machined
surfaces provide a level plane on which to seat the
MI1A1 gunner’s quadrant. These seats should be
wiped cleun and should not be abraded, cut,
dented, or otherwise damaged. They should
provide a smonth surface on which to place the
shoes of the gunner’s quadrant.

e. The breech life of this weapon is three tubes,
the original tube plus two retubings (see table 3-1).
The number of retubings for each weapon snould
be stamped on the rear face of the breech ring.

3-19. Firing Mechanism and Firing Lock S
-’

a. The firing mechanism consists of the

b. Firing lock M13 is a continuous-pull-self-
cocking-type firing lock.

3-20. Operation of the Firing Lock

a. Firing. When the arm of the trigger shaft is
moved to the rear, the shaft is rotated clockwise
and its equared end, fitting inside the trigger fork
causes the trigger fork to be rotated forward. As
the trigger fork is rotated forward, it forces the
firing pin holder sleeve forward which compresses
the firing spring and at the nd of its forward
motion depresses the sear. As tl.e searis depressed,
it releases the firing pin holder .ind the compressed
firing spring drives the firing pin holder and firing
pir forward, and the firing pin strikes the primer.

b. Cocking. When the lanyard is released, the
pressure from the trigger fork is no longer exered
on the firing pin holder. Since the firing spriny is
still under partial compression, it continues to
exert pressure and expand. The leverage to therear

is greater; *herefore, the firing pin holder sleeveswa,
and firing pin holder are forced to the rear and the. -. -
sear engages the firing pin holder, and keeps i.in -

this position until the lanyard is pulled again.
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i SREECHBLOCK

1. Lift datent handle and withdraw trigger shaft.

2. Turn firing lock 1/6 turn and remove 1t from
breechbiock.
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3. Open breech until assembly line on lever is at adge
of breech ring. Remove operating javer pivot.
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4. Pull breechblock to rignt until the crosshead on A

operating lever clears the breech ring. Remove -

lever. J

N Note. New manufacture of breechbio~k crosshead 5

will be round design, free fitting without setscrew
(5998391).
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- 5. Pusn breechblock just far enough to the left to 6. Slide breechblock to extreme right and lift it out of
ciear the extractor. Rotate the extractor out of its the breech ring. To install breechblock, reverse
<2 seatand lift it so that the extractor trunnicn clears

i ) 4 procedure.
“--7 its recess in the bresch ring. Remove extractor.
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Figure 3-9. Disassernbly and assembly cf the breech mechanisr.
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3-21. Disassambly and Assembly of the
Breach Mechanism

The procedure for disassembly and assumbly of
the breech mechanism is described and illustrated
in figure 3-9.

3-22. Disasseimbly of the Firing Lock M13

a. Remove the trigger fork by grasping the
{iring case with the trigger fork down and pressing
the firing pin against a solid surface. The trigger
fork will fall free of the firing lock outo the surface.

b. Press the front end of the sear out of
engagement with the firing pin holder; at the same
time, push the assembled firing pin holder and
sleeve forward until they can be grasped and
pulled from the firing case. Remove the sear and
sear spring.

c. To disassemble the firing pin lolder and
sleeve, grasp the rear end of the firing pin holder
sleeve and place the firing pin on a solid surface.
Push the firing pin holder sleeve down to unhook it
from the holder. Allow the holder to recede out of
the sleeve, freeing the spring.

d. Remove the cotter pin from the firing pin
holder and unscrew the firing pin.

Note. In some firing locks, the firing pin and
firing pin bushing are one niece.

e. While the firing ock (fig 3-10) is
disassembled, the component parts should be
cleaned thoroughly w1th nfle bore cleaner wiped

—l

3-23. Assembly of the Firing Lock

a. Screw the firing pin into the firing pin holder, -

insert the cotter pin, and spread its ends carefully
so that they will not rub against the firing case.
Assemble the firing spring over the holder and the
sleeve over the spring and holder. Compress the
spring below the top of the T of the holder and keep
it comipressed until the T enters the T-slot of the
sleeve. Put the firing pin on a sclid surface and
press downward on the sleeve until the hook of the
holder shank hooks into the notch at the rear of the
firing pin holder sleeve.

b. Insert the sear spring into its seat in the
bottom of the firing case. Insert the sear into the
case (fork part first) so that the sear spring stud
enterse the sear spring.

c. Keep the sear pressed down by grasping the
fork end with the little finger of the hand holding
the firing case and insert the assembled firing pin
holder and sleeve into the case with the flat portion
of the sleeve and the sear notch of the holder
against the sear so that they will engage the sear.
Hold the sear from slipping backward, withdraw
the finger, and push the holder back until it is
latched by the sear. In order for the sear to engage
the sear notch of the firing pin holder, the rear of
the sear should be pushed inward.

d. Insert the trigger fork into the opening in the -

bottom of the case with the side marked MUZZLE", ‘_:

FACE toward the front. Push the trigger fork until

1t anana 1\nf n 143
IV SNIGPS 1nte posaien.

HRING CASE

KA PD 111034

Figure 3-10. Firing lock M13—components.
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3-24. Maintenance of the Barre! and
Breech Assemblies

a. Lubricants.

(1) Grease, molybdenum disulfied (GMD), 18
used on and under the cannon locking ring.

(2) 0il, lubricating, preservative, medium
(PLM), is used on all bearing surfaces in
temperatures above 32° F.

(3) 0il, lubricating, preservative, speciai
(PLS), is used on all bearing surfaces in
temperatures below 32° F.

b. Cleaning and lubricating the tube.

(1) Afterriring, clean and lubricate the tube as
follows:

(a) With rifle bore cleaner.

1. Using rifle bore cleaner (RBC), clean
the tube the day of the firing and for 3 consecutive
days thereafter or until sweating stops (a
minimum of fcur cleanings). The tube should be
cool enough to touch with the bare hand before you
use rifle bore cleaner, since it evaporates at 150° F
and causes dark spots.

2. On the fourth day, if the weapon is not
to be fired within 24 hours, clean, dry, and inspect
the tube and lubricate it with PL.M or PLS.

\ 3. Rifle bore cleaner is not a lubricat, but
it will inhibit rust for 24 to 48 hours.

4. Rifle bore cleaner removes residue more
easily and 30 percent faster than other solutic

-
1a U percent Iagler 3180 ONCY 50,UW0INS.

Note. If cleaning compound o: solvqnt is
issued in lieu of RBC, the cleaning procedureisthe
same as that described in (a) above.

(b} Without rifle bore cleaner.

1. Swab the tube thoroughly with a
mixture of %-pound of Glor castile soap per gallon
of hot or warm water.

2. After each cleaning, by swabbing,
rinse the tube thoroughly with clear water, dry it,
inspect it, and lubricate it with PLLM or PLS.

(2) When rifle bore cleaner is available, the
weekly maintenance is performed as follows:

fa) Clean the tube as described in (1){a)
above.

(b) Reoil the tube with PLM or PLS.

(3) When rifle bore cleaner is not available,
the weekly maintenance is performed as follows:

(@) Clean the tube as described in (1)(b)
above.

(b) Rinse the tube thoroughly with clear
water and dry and inspect it.

(c) Reoil the tube with PLM or PL:.

Note. The breech mechanisn. and the firing
mechanism should be disassembled and cleaned
each time the tube is cleaned.

(4) Retract the tube to service the forward
slides.

{a) Block the cquilibrator with & wooden
block 3 inches by 3 inches by 12 inches.

(b) Remove the cannon locking ring screw
and unscrew the cannon locking ring.

{c) Push the tube 2 to 3 feet to the rear.
(d) Clean and lubricate—
1. The slides that have exposed bearing

surfaces with PLM or FLS and the grease fittings
with grease, automotive artillery (GAA).

Note. Use crocus cloth te remeve rust
Yrom all (unpainted) bearing surfaces.

2. The threads of the cannon locking ring
with GMD.

3. The fixed s~at ring with GAA.
4. The breech recess with PLM or PLS.
(5) Slide the tube to battery and replace the

breech mechanism.

Section IV. RECOIL MECHANISM

3-26. Purpose of Recoil Mechanism
The purpose of the recoil mechanism is to—

. Stop the rearward movement of the recoiling
parts.

PonN b. Return therecoiling parts to the normal firing

- yposition.
- ¢. Accomplish the functions in a and b above
without shock.
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d. Hold the tube in battery ut all angles of
elevation.

3-26. Type of Recoii Machanism

The recoil mechanism employed is a
hydropneumatic, corstant, dependent-type
mechanism, employing a floating piston.

a. Hydro means a liquid is used. This liquid is
one of three petreleum-hased hydraulic fluids now
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in the supply system. The hydraulie fluids are
commonly known as recoil oil OHA, OHC, or OH'T.
Because OHT provides more protection against
corrosion, it is the preferred oil. The mixing of
these oils is not recommended because this would
tend to dilute the additives of one oil not contained
in the other A recoll mechanism containing a
mixture of these oils should be drained and refilled
with the preferred OHT as soon as it becomes
available All three oils are red in color and have a
temperature range from -65° F to +150° F.

b. Pneumatic mneans a gas is used; in this case,
nitrogen gas. The gas, which is installed by
ordnance personnel, is installed at 1,100 pounds
per square inch at a temperature of 70° F without
oil reserve. Nitrogen is relatively inert, highly
compressible, and nonflammable.

c. Dependent means there is a liquid connection
for the flow of recoil oil between the recoil and
recuperator cylinders.

d. Constant means there is no mechanical
means of changing the length of recoil.

e. Floating piston means that a free piston
separates the liquid from the gas in the recuperator
cylinder. It forms a movable, liquid tight, gas tight
seal.

3-27. Components cf the Recoil Mechanism

a. Recoil sleigh assembly. The recoil sleigh
assembly supports the recoil mechanism.

{1} The yokes hold the parte together and
support and secure the tube by means of a locking
ring.

(2) The rails slide on the cradle recoil guides to
guide and support the recoiling parts.

b. Recuperator cylinder. The recuperator
cylinder houses the nitrogen gas and recoil oil and
conteins a regulator assembly, floating piston
assembly, and recuperator cylinder front head
assembly.

(1) The regulator assembly regulates the flow
of oil during recoil and counterrecoil and contains
the following:

(a) The four one-way valves, which are
open during recoil and closed during counterrecoil.

(b} The throttling orifice.
(¢c) The oil passagec.
(2) The floating piston assembly includes the

floating piston, diaptiragm, and tapered control
rod

(a) The floating piston separates the
nitrogen gas from the recoil oil and moves during
recoil and counterrecoil.

(b) The tapered control rodis attached to the
diaphragm and controle the flow of 0il through the

312

throtthing orifice during recoil, and contrels the oil
through the variable depth grooves cutinthe walls
of the regulaior central bore during counterrecoil
in order to control the buffing action,

(3) The recuperator ceylivider front head
assembly contains a filling valve mechanism, an
oil index, and anoil index control rod. The oil index
indicates whether there is an